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Abstract 

New  facilities  are  expensive.  Before  new  construction 
is  chosen  by  an  organization  as  the  solution  to  a  facility 
space  deficiency,  every  effort  should  be  made  to  satisfy  the 
requirement  within  existing  facilities.  This  may  require 
rearranging  interior  layouts,  reassessing  the  actual  space 
needs  of  users,  reallocating  space,  and  making  building 
alterations  to  permit  more  effective  space  utilization. 

If  new  construction  is  necessary,  the  interior  layout 
should  be  systematically  designed  with  functional 
relationships  and  long  term  flexibility  in  mind.  This  study 
examines  methods  used  by  the  United  States  Air  Force  (USAF) 
and  Royal  Australian  Air  Force  (RAAF)  to  'manage'  facility 
space  and  to  'plan'  facility  space.  It  compares  the  general 
effectiveness  of  methods  used  by  the  USAF,  and  determines 
what  effect  the  quality  and  accessibility  of  building 
information  and  space  utilization  data  has  on  a  base's 
effectiveness  in  utilizing  its  facility  space.  The  practices 
of  Base  Civil  Engineering  (BCE)  Design  and  Real  Property 
Sections  in  the  planning  and  management  of  facility  space 
were  solicited  from  key  BCE  personnel. 

The  use  of  the  computer  as  both  a  space  management  and 
interior  design  tool  is  explored.  Computer  algorithms, 
programs,  and  systems  developed  and  used  by  private  US 


organizations  for  space  planning  and  management,  are  examine  < 
for  potential  use  in  Air  Force  Civil  Engineering  (AFCE). 

Recommendations  are  made  for  both  the  RAAF  and  USAF  to 
improve  their  utilization  of  existing  facility  space. 

Specific  design  tools,  rather  than  intuition,  should  be  used 
to  plan  floorspace  layouts.  Utilization  studies  should  be 
conducted  periodically,  not  only  when  a  deficiency  arises. 
Databases  should  be  examined  and  updated  constantly  to  ensure 
facility  managers  and  designers  have  the  best  information 
possible  on  which  to  base  decisions  on  how  building  space  can 
be  best  used. 


AN  ANALYSIS  OF  METHODS  FOR  MAXIMIZING  THE 


UTILIZATION  OF  SPACE  IN  USAF  FACILITIES 


I .  Introduction 


General  Issue 

Each  year  the  United  States  Air  Force  (USAF)  spends  many 
millions  of  dollars  on  the  design  and  construction  of  new 
buildings  to  accommodate  its  personnel  and  equipment. 

Facility  construction  and  maintenance  costs  increase  each 
year  due  to  such  factors  as:  inflationary  effects  on  the 
costs  of  labor  and  building  materials;  generally  improving 
standards  for  accommodating  personnel;  and,  the  maintenance 
complexity  and  environmental  control  requirements  of  new 
'state  of  the  art'  equipment. 

There  will  always  be  a  need  to  construct  new  facilities 
to  accommodate  new  equipment,  and  to  make  the  most  of 
potential  cost  and  time  savings  when  operating  and 
maintenance  procedures  for  existing  functions  change 
significantly.  There  will  also  be  a  continual  need  to 
replace  facilities  which  have  either  reached  their  intended 
design  life,  or  which  can  no  longer  support  their  intended 
functions  and  cannot  be  modified  economically  to  do  so. 

There  are  usually  many  alternative  courses  of  action 
available  for  consideration  when  planning  the  accommodation 
of  a  single  user's,  or  an  entire  installation's,  functions. 
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Constructing  new  facilities  to  accommodate  new  or  changing 
functions  is  expensive,  and  other  alternatives  should  also  be 
considered  as  part  of  the  facilities  planning  and  design 
process.  Some  of  these  alternatives  could  be: 

1)  redistribution  of  activities  within  or  between  buildings; 

2)  compression  of  some  functions  which  no  longer  require  so 
much  space;  3)  extension  of  a  facility  to  reduce  the 
requirement  for  duplication  of  essential  services  and 
activities;  4)  internal  modifications  to  lay  out  functions 
in  a  more  efficient  working  arrangement  and  thus  reduce  or 
obviate  the  need  for  additional  space. 

Are  there  existing  facilities  that  have  space  that  is 
surplus  to  the  user's  requirements?  Are  there  facilities 
which  are  not  being  used  effectively  by  users?  Are  functions 
so  badly  distributed  througout  some  buildings  that 
circulation  problems  are  created,  that  space  is  being  wasted 
by  excessive  allocations  to  some  functions,  or  that  some 
space  is  unusable  by  virtue  of  its  position  or  lack  of 
essential  utlities?  Is  there  some  surplus  space  that  is 
being  closely  guarded  by  users  for  possible  future  expansion? 
Is  space  being  underutilized  through  the  use  of  inefficient 
operating  procedures?  In  this  case,  could  a  study  of  the 
user(s)  work  methods  free  space  for  allocation  to  other 
functions  which  require  accommodation? 

These  are  just  a  sample  of  the  questions  that  could  be 
asked  and  researched  as  part  of  a  long  term  facilities 
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planning  exercise,  in  the  justification  phase  for  the 
construction  of  a  new  building,  or  when  facility 
modifications  or  extensions  are  envisaged.  In  any  event, 
consideration  of  all  the  possible  alternative  courses  of 
action  requires  an  extensive  knowledge  of  the  functions  and 
activities  of  users,  their  space  requirements,  and  the 
facilities  which  house  them.  Convenient  access  to  this 
information  in  a  usable,  reliable  database  should  increase 
the  quality  of  accommodation  planning  and  design  decisions. 

These  principles  are  not  peculiar  to  the  USAF.  All 
organizations  must  somehow  monitor  and  plan  its  use  of 
facility  space,  whether  it  owns  or  leases  those  facilities. 
Doing  more  with  less  is  a  universal  business  goal.  Keeping 
down  costs  is  desirable  for  private  businesses  as  it  should 
result  in  increased  profits.  Government  organizations, 
although  not  profit  motivated,  have  an  obligation  to 
taxpayers  to  get  the  best  possible  value  for  money. 

In  order  to  make  the  most  of  valuable  real  estate,  to 
reduce  travelling  distances  (and  travelling  time)  for  user's 
and  customers,  and  to  limit  the  requirement  for  new 
construction  to  that  which  is  essential  to  support  the  user's 
and  installation's  mission,  an  organization's  existing 
building  space  should  be  utilized  as  fully  as  possible. 
Maximizing  the  utilization  of  space  in  facilities  would: 

1.  minimize  the  overall  requirement  for  new 
construction  by  satisfying  a  greater  number  of  requirements 


from  within  existing  building  space,  and 

2.  maximize  the  value  of  each  dollar  spent  constructing 
new  facilities,  and  on  modifying  those  existing. 

The  Royal  Australian  Air  Force  (RAAF),  although  not 
possessing  facilities  on  the  same  scale  as  the  USAF, 
constructs  and  operates  its  own  installations .  Budget  limits 
similarly  constrain  the  extent  of  new  construction  that  is 
desirable.  New  facilities  must  be  designed  and  constructed 
to  ensure  long-term  functionality,  and  the  use  of  building 
space  must  be  monitored  and  managed  to  ensure  that  as  many 
requirements  as  possible  can  be  satisfied  from  existing 
assets . 


Statement  o f  Problem 

It  was  not  assumed,  before  this  study  was  performed, 
that  the  USAF  has  a  problem  with  facility  space  utilization. 
This  study  aimed  to  identify  and  analyze  methods  which  are 
used  by  USAF  installations  (and  others  which  could  be  used) 
to  layout  facility  space  and  to  manage  its  utilization,  in 
order  to  determine  if  there  is  a  problem. 

This  study  examines  the  extent  of  usage  of  these  methods 
in  Air  Force  Civil  Engineering  (AFCE),  how  appropriate  they 
are,  and  their  general  effectiveness.  It  identifies  those 
factors  which  constrain  planners  and  designers  in  their 
performance  of  this  task,  and  determines  if  there  is  a 
relationship  between  the  comprehensiveness,  accessibility, 
and  accuracy  of  the  available  planning  data-base  and  the 
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capacity  to  maximize  the  usage  of  building  space. 

A  secondary  purpose  of  this  study  is  to  develop  some 
conclusions  and  recommendations  on  space  planning  and  space 
management  methods  that  can  be  applied  within  the  RAAF 
Facilities  organization  to  help  alleviate  the  accommodation 
shortfalls  currently  being  experienced. 

Research  Objectives 

In  order  to  achieve  these  goals,  the  following 
objectives  were  used  to  guide  the  research: 

1.  Determine  what  methods  are  currently  being  used  by 
facility  planners  and  architects  in  AFCE,  RAAF,  and  civilian 
organizations,  to  design  efficient  building  layouts  and  to 
manage  a  facility's  space  throughout  its  design  life; 

2.  Determine  the  effectiveness  of  such  methods,  and 
make  recommendations  to  assist  AFCE  in  making  the  most  of  its 
building  space  resources; 

3.  Gather  perceptions  of  AFCE  facilities  design  and 
real  property  planning  personnel  on  the  comprehensiveness, 
accuracy,  and  accessibility  of  the  data  that  is  collected  to 
manage  the  utilization  of  building  space,  and  determine  if 
there  is  a  relationship  between  these  factors  and  the 
effectiveness  of  their  efforts; 

4.  Determine  who  actually  controls  the  utilization  of 
building  space  on  USAF  installations.  What  roles  do  the  Base 
Civil  Engineer  (BCE)  and  the  Facilities  Board  (FB)  have  in 
this  task?  Do  Unit  Commanders  manage  the  use  of  space  within 


their  own  allocated  buildings,  or  is  this  function  also 
performed  centrally  to  coordinate  all  base  requirements? 

5.  Determine  what  constraints  there  are  to  the 
effective  management  of  building  space; 

6.  Construct  a  list  of  planning  factors  involved  in  the 
redistribution  of  building  space;  and, 

7.  Determine  what  effort  is  actually  made  to  consider 
the  possible  reallocation  and/or  rehabilitation  of  existing 
building  space  as  an  alternative  to  new  construction. 

Scope  and  Limitations 

This  study  examines  the  process  of  interior  facilitiy 
design  from  the  conceptual,  architectural  layout  standpoint. 
It  examines  the  approaches,  some  methodical  and  some 
seemingly  intuitive,  taken  by  planners  and  architects  in 
deciding  how  a  building  should  be  laid  out,  and  the  criteria 
used  to  evaluate  the  efficiency  of  layouts.  It  also 
establishes  the  types  of  data  available  to  real  property 
planners  and  space  managers,  collection  practices  being 
employed,  their  perceptions  of  the  accuracy  of  the  data,  and 
problems  they  face  when  using  this  data  to  plan  the 
redistribution  of  space. 

While  literature  from  non-military  sources  is  examined, 
no  attempt  has  been  made  to  solicit  views  and  practices  from 
civilian  organizations,  due  to  the  time  constraints  of  this 
study.  The  interior  design  and  space  management  methods  of 


some  practicing  Architect-Engineer  firms  are  studied, 
particularly  with  reference  to  the  use  of  computer  technology 
and  to  space  studies  conducted  within  Base  Comprehensive 
Planning  ( BCP )  contracts  with  the  Air  Force. 

The  potential  for  new  construction  cost  savings  which 
could  be  generated  by  maximizing  space  utilization  in 
existing  facilities  by  using  layout  design  and  space 
redistribution  methodology  is  unknown,  and  this  study  does 
not  attempt  to  quantify  this.  However,  it  is  assumed  that  if 
a  reduction  in  gross  building  floor  area  were  possible  using 
one  method  over  another,  then  the  cost  of  that  facility  would 
decrease  somewhat  in  proportion  to  the  area  saved.  It  is  not 
suggested  that  expenditure  on  new  facilities  could  be  reduced 
but  rather  that  more  facilities  could  be  constructed  for  the 
same  budget. 

It  is  also  assumed  that  a  more  functional,  flexible 
facility  design  would:  1)  enhance  mission  accomplishment  by 
saving  the  time  and  energies  of  the  users;  2)  satisfy  the 
mission  requirement  for  a  longer  time  frame;  3)  permit 
easier  and  lower  cost  modification  to  fit  a  user's  changing 
requirements,  or  to  fit  a  different  set  of  requirements 
should  the  space  be  reallocated  to  other  users.  The  long 
term  need  for  replacement  facilities  could  be  minimized  by 
such  short  term  action.  This  stresses  the  need  for  BCP 
procedures  to  include  space  management  studies  for  all 
existing  and  proposed  facilities. 


The  Royal  Australian.  Air  Force  (RAAF)  has  facilities 
regulations  which  infer  the  need  to  maximize  the  usage  of 


existing  facility  space.  Although  this  study  will  not  extend 
to  the  collection  of  data  from  RAAF  sources,  it  will  examine 
RAAF  real  property  regulations,  common  practices  of  data 
collection  and  space  allocation  (as  experienced  by  the 
writer),  and  make  recommendations  on  how  the  RAAF  could 
benefit  by  adopting  alternative  practices. 

Background 

Space  management  is  a  long  term  function  aimed  both  at 
keeping  all  available  space  occupied,  and  having  the 
flexibility  to  reorganize  facility  layouts  and  redistribute 
space  in  reaction  to  mission  changes,  technological 
developments,  and  changing  accommodation  priorities.  It 
entails  the  development  of  a  comprehensive  database  to 
include  spaces  available  within  real  property  assets, 
functions  and  personnel  accommodated,  unsatisfied  space 
requirements,  and  methodologies  and  criteria  for  space 
al location. 

Space  management  of  facilities  on  a  USAF  installation 
can  be  viewed  from  two  levels;  1)  centralized  management  of 
the  utilization  of  all  base  real  property  assets  by  all 
users,  and  2)  management  of  space  within  a  specific 
facility.  Space  Planning  is  a  subset  of  the  latter  level  of 
Space  Management,  and  can  be  applied  to  the  layout  of  a 


facility  once  its  functions  and  space  needs  have  been 
researched  and  set.  Space  Management  also  includes  such 
tasks  as  allocating  existing  facilities  to  specific 
organizations,  allocating  areas  within  a  facility  to  specific 
users,  tracking  and  co-ordinating  the  changing  usage  of  areas 
within  a  facility,  keeping  accurate  account  of  personnel  and 
equipment  accommodated,  and  recording  or  forecasting  future 
requirements  for  space. 

As  all  these  activities  are  data  intensive,  the  use  of 
computers  has  made  a  large  contribution  to  current 
capabilities  and  expertise  in  all  areas.  Although  optimal 
solutions  for  facility  layout  are  perhaps  not  achievable,  the 
development  of  Computer  Aided  Architectural  Design  (CAAD) 
systems  over  the  past  30  years  has  greatly  enhanced  the 
architect's  and  facility  manager's  abilities  to  generate  and 
evaluate  many  alternative  layouts  for  a  specific  problem. 

This  may  be  required  in  the  initial  design  process  for  both 
design  and  remodelling  projects,  or  for  altering  working 
arrangements  to  achieve  greater  efficiency  or  to  accommodate 
additional  personnel  and  functions. 


II.  Review  of  Literature 


Chapter  Overv iew 

This  chapter  examines  literature  dealing  with  methods 
and  practices  used  by  the  USAF,  RAAF,  academic,  and  civilian 
organizations  to  maximize  facility  space  usage.  Two 
perspectives  are  taken;  first,  that  high  utilization  can  be 
'designed  into'  a  facility  (Space  Planning),  and  second,  that 
in  order  to  maintain  high  utilization  data  must  be  acquired 
and  updated  and  space  must  be  'managed'  (Space  Management). 

The  various  USAF  regulations  and  manuals  which  provide 
guidance  for:  1)  the  design  of  facilities,  and  2)  their 
long  term  utilization,  are  examined  first,  followed  by  RAAF 
regulations  and  parallel  guidelines.  Their  emphases  and 
inherent  problems  are  highlighted. 

Literature  which  outlines  general  space  management 
principles  will  then  be  reviewed.  Space  Planning  will  be 
introduced  and  defined.  The  development  of  techniques  for 
space  planning  in  facility  layout  design  will  be  presented  at 
the  end  of  the  chapter.  The  concepts  of  flexibility  and 
growth,  and  the  development  of  the  Open  Planning  concept  for 
administrative  and  production  work  areas,  will  also  be 
examined . 

Some  of  the  documented  USAF  space  studies  which  have 


being  carried  out,  mainly  as  part  of  Base  Comprehensive 
Planning  ( BCP )  exercises,  will  be  presented.  The  role  of  the 


Work  Information  Management  System  (WIMS)  in  facility  space 
management,  will  be  briefly  discussed. 


Finally,  some  of  the  characteristics  and  capabilities  of 
computer  systems  currently  in  use  by  A-E  firms  and  space 
planning  consultants,  other  systems  and  programs  developed  by 
organizations  and  academics,  and  commercially  available  space 
planning  software,  will  be  presented. 


USAF  Regulations 

Design  Gu ide lines.  The  major  facility  design  guidelines 
stressed  by  the  USAF  Force  are  economy,  functionality, 
flexibility,  and  standardization. 

Economy  and  Functional itv .  The  need  for  economy  in 
the  construction  of  new  facilities  is  recognized  in  Air  Force 
Regulations  (AFRs)  and  Air  Force  Manuals  ( AFMs ) .  AFR  88-15, 
Cr iter ia  and  Standards  for  Air  Force  Construction,  states  in 
paragraph  1-15  that: 

A  primary  objective  in  military  construction  is  to 
provide  facilities  with  low  construction  costs  and  low 
maintenance  costs  consistent  with  the  anticipated 
duration  of  the  military  requirement  (14). 

However,  paragraph  1-5  states  that  the  functions  which  a  new 

or  modified  building  is  intended  to  accommodate  should  not  be 

compromised : 

All  military  facility  planning  shall  employ  economical, 
functional  architectural  and  engineering  design,  closely 
tailored  to  the  actual  requirements  of  the  project,  with 
particular  attention  to  ...  the  type  and  extent  of 
services  and  equipment  to  be  provided.  Designs  shall  be 
governed  by  functional  requirements,  shall  conform  to 
existing  Air  Force  standards  and  criteria,  and  shall  be 


consistent  with  applicable  Congressional  cost 
1  imitations  ( 14 ) . 


These  standards  and  criteria  are  given  in  three 

publ ications .  AFR  88-15,  paragraph  1-1,  gives  the  design  and 

construction  criteria  to  be  applied  to  all  new  construction, 

reconstruction,  rehabilitation,  alteration,  modification  and 

maintenance  and  repair  of  existing  facilities  (14).  AFM  86- 

2,  Standard  Facil itv  Requirements,  establishes  the  basic 

criteria  that  define  the  size,  type,  and  number  of  facilities 

required  for  mission  support.  (15).  This  system  provides 

allowable  building  spaces  for  a  wide  variety  of  functions  and 

activities.  The  size  of  a  facility  is  generally  determined 

by  the  number  of  personnel  to  be  accommodated,  with  some 

addition  for  known  equipment  and  production  requirements. 

Although  AFM  86-2  does  not  outline  design  methods,  it 

lists  in  paragraph  1-6  the  basic  steps  in  developing  facility 

requirements,  one  of  which  is  to 

Translate  design  and  planning  criteria  into  design 
proposals  and  drawings  to  determine  the  needed  size, 
type,  and  number  of  facilities  and  their  configuration 
and  functional  layout  (15). 

This  study  examines  methods  of  both  establishing  design 
requirements,  and  for  translating  them  to  functional  layouts. 

Flexibility .  The  third  major  facility  design 
requirement  recognized  by  AFR  88-15,  Criteria  and  Standards 
for  Air  Force  Construction,  is  flexibility.  Flexibility  is 
defined  in  paragraph  1-6  as  "the  ability  of  an  existing 
structure  to  accommodate  a  change  in  use  with  minimum 
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expenditure  of  resources"  (15).  AFR  88-15  also  acknowledges 

the  trend  for  facilities  to  accommodate  changes  in  usage 

throughout  their  design  lives: 

In  such  a  long  tenure  of  use  it  is  inevitable  that  the 
functional  requirements  of  a  building  will  change,  often 
drastically.  For  this  reason,  flexibility  is  a  major 
design  requirement  for  all  buildings  except  for  those 
with  highly  specialized  functions  which  are  precluded 
for  economic  reasons  (15). 

AFM  86-2  gives  general  guidance  for  the  design  of  office 
spaces  in  paragraph  13-4:  "In  designing  administrative 
facilities  open  bay  design  is  preferred  for  economy  of 
construction  and  flexibility  of  layout"  (15).  The  concept 
and  design  principles  of  open  office  planning,  and  other 
design  and  construction  techniques  for  enhancing  flexibility, 
will  be  reviewed  later  in  this  chapter. 

Standardization.  Standardization  of  facility 
design  has  been  an  Air  Force  goal  since  the  early  1950's, 
when  the  first  Definitive  Desiqns  for  Air  Force  Structures 


was  developed  by  the  Air  Force  using  the  Department  of 
Defence  manual  4270.1.  A  study  by  Basham  (6)  traced  the 
history  of  this  first  effort  to  standardize  facility  design 
through  to  the  development  and  refinement  of  the  AFM  88-2, 
Air  Force  Design  Manual  -  Definitive  Design  of  Air  Force 


Structures  (13).  These  designs  are  in  the  form  of  line 
drawings  detailing  the  gross  dimensions,  layout,  and  content 
of  various  types  of  facilities  including  proposed  building 


materials  and  construction  methods. 


The  aim  of  this  product  was  to  reduce  costs  in  the 

building  delivery  process  (6:13).  The  use  of  standard 

designs  has  not  been  successful  and  in  the  early  1980's  AFM 

88-2  was  removed  from  distribution  pending  the  resolution  of 

some  inherent  problems.  These  problems  were 

"misinterpretation,  overbuilding,  loss  of  flexibility,  poor 

communication  ability,  costs  [of  production],  and  the  lack  of 

an  effective  updating  and  evaluation  process"  (6:16). 

Guidelines  for  the  use  of  AFM  88-2,  in  view  of  design 

guidelines  in  other  AFMs  and  AFRs,  were  confusing.  For 

instance,  AFM  88-15  states  in  paragraph  1-5,  that  "AFM  88-2 

establishes  architectural  requirements,  space  allowances,  and 

arrangements"  whereas  paragraph  1-6  says: 

the  architectural  design  must  1)  reflect  careful 
consideration  of  the  type  and  arrangement  of 
fenestration  and  entrances,  and  2)  provide  high  quality 
architectural  layout  and  treatment  through  the  expert 
use  of  economical  basic  design  concepts  (14). 

Overbuilding  is  "the  construction  of  a  facility  that 

exceeds  the  requirements  and  may  mean  wasted  time,  effort, 

money,  and  space"  (6:18).  The  average  number  of  different 

size  designs  for  the  standard  designs  at  AFM  88-2  is  less 

than  two,  and  half  of  them  have  only  one  size  plan  (6:18). 

Thus,  there  was  no  flexibility  in  determining  the  size  of 

many  facilities  if  the  definitives  were  used  blindly  without 

consideration  of  AFM  86-2's  space  allowances. 

A  small  survey  of  air  staff,  command,  and  base  level 

engineers  attending  AFIT  courses  showed  that  all  thought  that 


the  use  of  standard  designs  was  mandatory.  Two  thirds 
thought  that  variation  was  encouraged,  and  the  other  one 
third  thought  that  they  were  to  be  used  with  a  minimum  amount 
of  variation  (6:17).  If  this  perception  was  in  any  way 
indicative  of  the  general  impression  of  AFCE  design 
personnel,  then  there  was  a  real  possibility  of  overbuilding 
and  space  wastage. 

In  terms  of  flexibility,  the  use  of  hardline  drawings  in 
AFM  88-2  implied  a  fixed  spatial  arrangement,  a  solution  to  a 
design  problem  rather  than  a  design  guide  (6:19).  In  terms 
of  costs,  the  document  was  400  pages  long  and  design 
development  costs  alone  amounted  to  around  $6,000  per  sheet. 
Costs  for  printing,  distribution,  design  updating  (as 
problems  became  evident),  and  re-distribution  were  also  high 
(6:21-22).  In  view  of  the  other  inherent  problems,  the  costs 
could  not  be  justified. 

Real  Property  Regulations .  Paragraph  1-3  of  AFM  86-2, 
Standard  Facil i tv  Requirements ,  states  two  purposes  of  the 
facility  requirements  system: 

a.  To  make  maximum  use  of  the  existing  facilities,  and 

b.  To  acquire  and  maintain,  through  continuous  study  of 
functional  requirements,  solid  justifications  for 
building  new  facilities  and  occupying  existing  facilities 
(  15)  . 

Real  Property  Management  regulations  refer  specifically 
to  the  need  for  constant  monitoring  of  existing  facility 
usage.  AFR  87-2,  Use  of.  Real  Property  Facil  ities,  requires 
that  current  and  accurate  data  must  be  kept  by  BCEs  on 


accommodation  requirements  and  facility  usage,  and  states  in 

paragraph  2  that  "if  such  data  reveal  that  one  or  more 

facilities  are  not  being  put  to  maximum  use,  a  management 

analysis  of  the  use  will  be  made"  (16). 

Furthermore,  a  BCE  must  make  an  annual  presentation  to 

the  Base  Facilities  Board  on  facilities  usage  versus 

requirements,  both  satisfied  and  unsatisfied.  He  must  detail 

where  space  shortages  and  surpluses  exist  and  propose  methods 

of  best  using  the  available  space  (16).  This  responsibility 

is  extended  to  Major  Commands  (MAJCOMs)  as  well.  Paragraph  2 

of  AFR  87-2  states  that  MAJCOMs 

should  continually  validate  and  evaluate  assets  and 
requirement  data  developed  by  bases,  and  ensure  maximum 
effective  use  of  all  existing  assets,  through  periodic 
base  facility  use  surveys  or  other  available  means. 

(They  should]  make  every  effort  to  compress  space 
assigned  to  activities,  to  ensure  maximum  effective  use 
and  conformity  with  criteria  in  AFM  86-2  (16). 

This  paragraph  also  states  that  all  departures  from  AFM  86-2 

allowable  space  criteria  must  be  approved  by  either  the 

MAJCOM  or  Headquarters  United  States  Air  Force  (HQ  USAF). 

AFR  87-22,  Util ization  and  Re  tent  ion  o  f  Real  Property, 

paragraph  6,  requires  that  each  installation  must  "develop 

and  maintain  a  current  5-year  plan  for  the  optimum  use  of  all 

assigned  real  property"  (17).  Procedures  are  also  outlined 

for  the  reporting  of  Air  Force  Real  Property  which  are  not 

and  cannot  be  utilized  effectively. 

These  design  and  real  property  regulations  all  stress 

the  importance  of  utilizing  existing  building  space 


effectively,  but  none  deal  with  practical  methods.  How  does 
one  modify  buildings  for  optimal  space  usage,  compress  the 
space  requirements  of  functions,  or  reallocate  space  from  one 
user  to  another  to  ensure  that  the  high  -st  priorities  are 
satisfied?  These  questions  will  be  examined  in  the 
succeeding  chapters. 

The  RAAF  Fac i 1 i t ies  Organization 

This  section  describes  the  structure  of  the  RAAF 
Facilities  organization,  regulations  governing  the  management 
of  building  space  from  both  the  design  and  real  property 
perspectives,  and  observed  deficiencies  in  the  RAAF's  real 
property  data  collection  practices.  Data  on  RAAF  methods  for 
managing  the  utilization  of  building  space  will  not  be 
collected  and  analyzed  as  part  of  this  study,  and  the 
following  is  submitted  as  an  accurate  account  of  current  RAAF 
practices . 

Organizational  Overview .  Design  and  construction  of  all 
facilities  for  the  Australian  Department  of  Defence  (DOD)  and 
all  other  Federal  Government  Departments  is  performed  by,  or 
arranged  through,  the  Department  of  Housing  and  Construction 
(DHC).  While  DOD  is  responsible  for  the  management  of  its 
own  facility  construction  and  maintenance  programs,  all 
designs  for  Air  Force  and  Navy  facilities  (and  most  major 
Army  facilities)  are  produced  by  DHC  architects,  engineers, 
and  draftsmen,  or  by  consultants  contracted  to  DHC.  All 
facility  construction  is  performed  by  contractors  but  the 


production  of  plans  and  specifications,  all  contract 
negotiation  and  administration,  and  quality  assurance,  are 
the  responsibility  of  DHC . 

RAAF  interests  are  preserved  by  the  Director  General  of 
Facilities  -  Air  Force  (DGF-AF)  and  his  staff  of  RAAF  and 
Public  Service  engineers  and  planners.  The  organization  of 
the  Facilities  Branch  and  a  summary  of  the  duties  and 
responsibilities  of  DGF-AF  are  in  Appendix  A  (3).  Within  the 
Department  of  Defence  -  Air  Force  Office  (AFO),  DGF-AF  has  a 
dual  responsibility  to  the  Chief  of  Air  Force  Development 
(CAFD)  and  to  the  First  Assistant  Secretary  Facilities 
(FASF).  Administratively,  the  Branch  is  located  within  the 
Facilities  Division  of  the  Department  of  Defence  (Central), 
but  physically,  within  the  AFO  building  area. 

The  two  RAAF  Commands,  Operational  Command  (HQOC)  and 
Support  Command  (HQSC),  have  small  Facilities  staffs  and  most 
RAAF  installations  have  one  or  two  positions  for  Facilities 
Officers.  Most  Facilities  Officers  have  Bachelor  of 
Engineering  (BE)  degrees.  Their  expertise  in  facility 
planning,  layout,  programming,  and  management  is  acquired 
through  experience. 

Design  Guidel ines .  The  RAAF  requirements  for  a  new 
facility  or  modification  to  an  existing  facility  which  is 
anticipated  to  cost  in  excess  of  A$  0.07  m  are  broadly 
defined  in  an  Air  Force  Works  Requirement  (AFWR).  This 
document  is  an  in-house  justification  of  the  need  for  a  new 


facility  or  major  facility  modification,  and  is  usually 
written  by  the  proposed  user  or  his  Command  or  HQ  controlling 
Directorate.  A  copy  of  the  AFWR  format  is  in  Appendix  B. 

RAAF  regulations  are  in  the  form  of  Defence  Instructions 
(Air  Force),  or  DI(AF)s.  DI(AF)  AAP  3300.001  is  entitled 
RAAF  Facil  i  L  ius  Manual  (or  FACMAN)  and  contains,  amongst 
other  things,  all  instructions,  guidelines  and  procedures 
which  RAAF  facilities  personnel  must  follow  in  the  provision, 
maintenance,  and  management  of  RAAF  real  property  assets  (3). 

Another  publication,  the  Services  Scales  and  Standards 
o  f  Accommodation  (SSSA),  details  space  entitlements  for 
certain  facility  types  on  all  DOD  military  installations  (4). 
Floor  areas  of  community,  single  person  accommodation, 
military  family  housing,  administrative,  and  ablution 
facilities  are  carefully  regulated  and  space  is  usually 
allocated  on  a  troop  strength  basis.  Operational, 
maintenance,  production,  and  technical  workshop  areas  are  not 
regulated,  but  such  requirements  (in  the  form  of  an  AFWR) 
must  be  justified  and  pass  scrutiny  by  Base  Facilities 
Officers,  Command  Facilities  Officers,  DGF-AF  staff  officers, 
and  the  Air  Force  Requirements  Committee  (AFRC). 

If  endorsed  by  the  AFRC,  the  requirement  will  be 
considered  by  the  Air  Force  Works  Priorities  Committee  (WPC) 
for  inclusion  into  Air  Force  submissions  for  upcoming  capital 
works  programs.  These  submissions  are  combined  with  similar 
submissions  from  the  other  Armed  Services  and  DOD 


organizations  and  pass  before  various  DOD  committees  before 

the  actual  programs  are  developed. 

Before  a  programmed  works  item  can  be  passed  to  DHC  for 

design,  a  Functional  Design  Brief  (FDB)  must  be  prepared  by 

DGF-AF  staff  officers  and  approved  by  FASF.  It  must  also  be 

referred  to  the  Department  of  Finance  (DOF)  if  the  initial 

DGF-AF  cost  estimate  exceeds  A$  0.1  m.  The  FDB  is 

A  brief  which  comprises  a  detailed  statement  of  the 
design  features,  engineering  and  architectural 
requirements  necessary  for  DHC  to  complete  design  and 
documentation  to  the  stage  of  letting  contracts  for  the 
proposed  works  (3:  Annex  A  to  AFTI(FAC)  8/85). 

It  "provides  DHC  with  .  design  concept"  and  "supplies  all  the 

necessary  information  to  DHC  to  meet  the  functional 

requirement  as  stated  in  the  AFWR"  (3:  Section  8-4,  para 

425).  A  copy  of  the  FDB  format,  taken  from  the  RAAF 

Facil  ities  Manual  (3),  is  in  Appendix  C. 

AFWR  and  FDB  Space  Controls .  Information  for 

mandatory  inclusion  in  the  AFWR  is  listed  in  the  AFWR  format 

in  Appendix  B.  This  information  includes: 

1.  activities  to  be  accommodated, 

2.  the  number  of  personnel  to  be  accommodated, 

3.  division  of  personnel  between  sections, 

4.  expected  duration  of  requirement, 

5.  anticipated  and/or  possible  future  activities  to  be 
accommodated , 

6.  whether  the  area  entitlements  of  the  SSSA  apply,  or 
whether  there  are  overriding  reasons  why  they  should  be 
exceeded , 


7.  existing  facilities  that  are  currently  being  used  to 
accommodate  the  activities  (if  applicable),  and  their 
deficiencies,  and 

8.  an  analysis  of  alternative  ways  of  satisfying  the 
requirement,  including  modification  to,  or  extension  of, 
existing  buildings  (3:  Section  8-4,  Annexes  A  and  B). 

The  production,  passage  of  the  document  through  the  AFWR 
approvals  process,  and  ultimate  AFRC  endorsement  is  the 
responsibility  of  the  sponsor  (the  user's  representative  at 
AFO  level).  However,  Facilities  officers  at  all  levels  act 
as  consultants,  providing  advice  on  alternatives,  and  real 
property  and  facilities  programming  information. 

After  assessing  the  true  needs  of  the  user  in  relation 
to  the  existing  facility  resources  of  the  installation,  DGF- 
AF  must  decide  if  a  new  facility  is  warranted  or  if  building 
space  can  be  made  available,  modified,  or  extended.  This 
process  is  largely  subjective,  and  depends  on  the  accuracy  of 
the  AFWR's  research,  the  experience  of  the  DGF-AF  Plans 
section  staff,  communications  with  Command,  base  and  regional 
DHC  personnel,  and  their  personal  familiarity  with  the  Base's 
existing  facilities  and  operations.  The  desires  of  the  user, 
base  management,  and  specialist  officers  at  Command  and  AFO 
levels,  can  also  introduce  political  factors  which  can 
influence  the  scope  of  work  and  whether  existing  space  (if 
available)  is  modified  or  a  new  facility  is  constructed. 

The  FDB  is  currently  written  by  the  DGF-AF  sta-^f  officer 
responsible  for  facility  development  at  that  base,  although 
consideration  has  been  given  for  some  time  to  the  delegation 


of  some  of  this  responsibility  tc  Command  Facilities 


Officers.  The  Staff  Officer  will  usually  have  teen  involved 
with  all  aspects  of  the  proposal  from  its  inception,  and  will 
be  reasonably  familiar  with  the  base.  The  information  he 
must  supply  on  the  FDB  includes: 

1.  approved  activities,  in  the  form  of  a  room-by-room  list, 

2.  personnel  numbers  for  each  room,  and  whether  they  occupy 
that  room  on  a  permanent  or  temporary  basis, 

3.  whether  future  extension  is  envisaged  (the  same  Officer 
is  usually  responsible  for  Master  Planning  of  that  base's 
long  term  facility  requirements), 

4.  whether  permanent  or  temporary,  pre-f abr icated  and/or 
modular  construction  is  required, 

5.  a  Functional  Relationship  Diagram  detailing  the 
interrelationships  of  all  activities  and  key  personnel, 
and 
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6.  any  special  criteria  which  should  be  used  to  evaluate 

alternative  floor  layouts,  such  as  the  number  of  visitors 
expected,  foyer  requirements,  minimum  corridor  widths, 
and  any  restrictions  on  access  to  certain  parts  of  the 
facility  (3:  Section  8-4,  Annex  E). 

Functional  Relationship  diagrams  provide  a  description 
of  the  interplay  of  activities  within  a  facility,  and  is 
vital  to  acquaint  DHC  architects  with  the  operations  of  the 
user.  This  technique  will  be  described  in  more  detail  later 
in  this  chapter.  A  standard  clause  in  all  FDBs  is: 
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The  final  design  must  take  best  advantage  of  the  site 
and  incorporate  all  economies  possible  with  regard  to 
floor  area  and  construction,  yet  still  retain  the 
necessary  functional  requirements  and  work  flow  pattern 
(3:  Section  8-4, Annex  E). 

DHC  has  its  own  comprehensive  design  guidelines. 

Minimization  of  construction  costs  and  underutilized  space 
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for  all  Federal  Government  buildings  are  also  its  stated 


objectives 


Real  Property  Regulations .  DGF-AF  is  responsible  for 


the  approval  of  any  changes  in  the  functional  usage  of 


facilities,  subject  to  agreement  by  the  specialist  AFO 


Directorate  overseeing  the  operations  accommodated  by  the 


facilities  in  question  (3:  Section  5-9,  para  906).  Each  RAAF 


installation  has  a  Facility  Usage  Schedule  which  is  a  one 


line  summary  of  each  facility's  user,  broad  usage,  RAAF 


building  number,  and  DHC  building  number.  An  annual  update 


of  this  document  is  required. 


The  Property  Assets  Register  (PAR)  for  each  installation 


holds  the  building  data  for  all  facilities.  In  many  cases. 


this  data  is  the  only  building  data  held  by  the  RAAF  on  a 


facility.  It  includes  details  on  the  gross  floor  area. 


number  of  rooms,  construction  materials,  internal  engineering 


services,  fixtures  and  fittings,  and  items  of  fixed 


electrical  and  mechanical  plant.  DGF-AF  is  currently 


attempting  to  have  final  design  drawings  for  new  facilities 


transferred  to  microfiche  once  construction  of  the  facility 


is  complete.  The  backlog  of  plans  yet  to  be  processed  by  the 


responsible  Government  agency  is  enormous,  and  hardcopy 


storage  room  in  the  DGF-AF  offices  has  been  exceeded. 


resulting  in  loss  or  forced  disposal. 


The  RAAF  holds  no  engineering  services  or  floorplan 


drawings  for  the  majority  of  its  existing  facilities. 


Hardcopy,  full  size  drawings  are  sometimes  available  from  DHC 
on  request,  but  DHC  does  not  make  a  practice  of  securing  'as- 
built*  drawings  from  construction  contractors  nor  do  they 
update  drawings  when  minor  modifications  are  carried  out 
later  in  the  life  of  a  facility. 

Successful  management  of  the  space  within  facilities  and 
throughout  an  installation  is  difficult  when  so  little  data 
is  available  on  existing  building  layouts,  and  when  the 
decisions  on  how  to  satisfy  requirements  are  made  remote  from 
the  base.  Base  Facilities  Boards  are  a  relatively  recent 
phenomena  on  most  RAAF  bases.  Historically,  once  a  building 
is  allocated  to  a  user  (with  the  approval  of  DGF-AF),  that 
user  arranges  the  usage  of  that  facility  to  fit  his 
particular  requirements. 

Space  utilization  studies  are  usually  undertaken  only  if 
their  is  a  perceived  space  deficiency  due  to  increased 
mission  requirements,  modified  maintenance  responsibilities 
and/or  procedures,  or  equipment  acquisition  or  updating.  DHC 
or  consultant  architects  have  never,  to  the  writer's 
knowledge,  been  engaged  specifically  to  study  the  utilization 
of  space  in  an  existing  facility  or  group  of  facilities. 

Such  a  study  may  be  done  as  part  of  an  AFWR 
justification  for  new  works,  but  this  is  usually  done  by  the 
facility  user.  A  bias  towards  new  construction  is  usual  by 
users,  and  DGF-AF  is  responsible  for  establishing  the 
authenticity  of  the  claimed  space  deficiencies  and  suggesting 
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alternative  courses  of  action,  before  the  AFWR  is  examined  by 
the  approving  authority.  If  the  deficiency  is  acknowledged 
and  a  project  approved,  DGF-AF  will  decide  the  best  course  of 
action  after  DHC  and  design  consultant  advice  (if  necessary) 
has  been  evaluated. 

While  base  Master  Planning  is  a  coordinated  effort  by 
RAAF  and  DHC  personnel,  data  input  on  available  existing 
building  space  to  satisfy  additional  long-term  requirements 
is  largely  a  function  of  the  planners'  familiarity  with  base 
facilities.  Two  exceptions  of  note  are  single  living-in 
accommodation  and  military  family  housing  requirements,  for 
which  excesses  and  shortages  can  be  estimated  with  reasonable 
accuracy  from  base  personnel  records  and  on-base  living 
accommodation  records. 


Comparison  o f  USAF  and  RAAF  Guidel ines 

The  emphases  in  USAF  facility  design  guidelines  are: 

1)  support  for  mission  accomplishment  by  ensuring  the 
functionality  of  facilities,  2)  costs,  and  3)  minimizing 
the  size  of  facilities  by  placing  maximum  limits  on  activity 
spaces.  The  emphases  in  real  property  guidelines  are: 

1)  accounting  for  Air  Force  assets,  and  2)  maximizing  the 
use  of  facility  space.  The  regulations  provide  guidelines 
for  the  design  of  Air  Force  facilities  and  define  the 
documentation  requirements  for  monitoring  the  usage  of 
facilities  but  they  do  not  detail  methods  of  designing 


facility  layouts  or  establish  how  the  real  property  data 
should  be  used  to  manage  space. 


While  RAAF  facility  design  guidelines  stress  similar 
objectives,  they  also  mandate  methodical  layout  planning  to 
ensure  that  the  interrelationships  of  activities  to  be  housed 
by  a  facility  are  considered.  USAF  action  to  introduce 
similar  requirements  into  the  AFM  88-2,  Air  Force  Design 
Manual -De f initive  Design  o  f  Air  Force  Structures ,  will  be 
outlined  in  Chapter  3. 

RAAF  real  property  accounting  does  not  provide  decision 
makers  with  sufficient  data  to  adequately  plan  facility  needs 
or  to  evaluate  facility  proposals.  Records  are  entirely 
manual  and  are  updated  infrequently.  Drawings  for  newly 
constructed  facilities  are  available  but  overload  problems 
are  preventing  their  accessibility  by  Facilities  Officers 
when  required.  Accurate  drawings  for  most  existing 
facilities  are  not,  for  practical  purposes,  available. 
Assistance  is  usually  sought  from  DHC  architects  and 
engineers  to  provide  data  and  drawings  for  existing 
facilities  and  engineering  services,  and  to  produce  costs  for 
several  alternative  courses  of  action.  In  many  situations 
more  accurate  indicative  costs,  for  the  purposes  of  comparing 
alternatives  and  developing  facilities  programs,  could  be 
established  by  Facilities  Officers  if  accurate  drawings  of 
facilities  and  engineering  services  were  available. 


Fac i 1 i t ies  Space  Management  Literature 


The  available  literature  dealing  with  the  tracking  of 
activities  and  allocated  space  within  real  property 
facilities,  managing  its  usage,  and  improving  its 
utilization,  deals  exclusively  with  the  use  of  computerized 
Database  Management  Systems  (DBMS)  and  'spreadsheet' 
software.  As  is  presented  later  in  this  chapter,  many 
computer  systems  interface  DBMS  and  spreadsheets  directly 
with  floor  plan  layout  programs.  In  many  cases,  area  take¬ 
offs  to  the  database  and  spreadsheet  are  made  automatically 
when  any  changes  are  made  to  final  floor  plan  layout 
drawings . 

Although  such  space  management  systems  can  be  used 
effectively  to  store  information  and  report  usage  in  whatever 
format  is  desired  by  the  designer  or  client,  the  effective 
utilization  of  space  within  individual  rooms  and  open  plan 
areas  requires  much  hand  collection  and  subjective  analysis 
of  data  to  determine  work  flows,  workstation  and  equipment 
area  needs,  privacy  requirements,  and  utility  requirements, 
in  order  to  determine  activity  space  needs. 

In  order  to  manage  facility  space,  there  must  be  a  clear 
definition  by  the  user  (or  client)  of  the  activities  to  be 
accommodated,  the  work  processes  to  be  performed,  the 
relationships  between  each  pair  of  activities  and  between 
each  pair  of  discernable  activity  groups,  and  the  areas 
required  for  each  activity.  For  a  new  facility,  this 
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definition  and  analysis  of  needs  must  be  accomplished  before 
the  facility  is  designed,  to  provide  design  criteria  to 


architects  and  planners.  For  an  existing  facility,  these 
needs  and  relationships  must  be  re-assessed  prior  to  any 
remodelling  design.  Moreover,  in  order  to  effectively  manage 
the  facility's  space  throughout  its  design  life,  these  needs 
and  relationships  should  be  re-assessed  on  a  regular  basis  in 
order  to  identify  space  surpluses,  deficiencies,  or 
inefficient  layout  of  activities  or  workstations. 

As  organizational  roles  and  missions  (in  the  military 
sense)  change  with  time,  so  do  the  needs  for  certain 
activities  and  the  space  required  to  perform  those 
activities.  How  often  is  a  user's  utilization  of  a  facility 
re-assessed  (either  by  the  user  or  by  the  BCE)?  If  the 
answer  is  never,  or  even  seldom,  then  it  is  highly  likely 
that  the  facility  does  not  properly  fulfil  that  user's  needs. 

Identification  of  this  'gap'  could  be  followed  by  a 
planning  exercise  to  generate  alternative  reorganization  or 
remodelling  layouts.  If  functionality  is  of  prime  concern 
then  possibly  the  best  solution,  based  on  proximity 
relationships  between  activities,  would  be  chosen  even  if  the 
cost  is  high.  If  cost  is  of  prime  concern  then  the  exercise 
would  still  be  worthwhile. 


As  is  discussed  late1-  in  the  facility  layout  design 
methods  section  of  this  chapter,  most  space  planning  computer 
software  incorporates  the  capability  to  fix  certain  spaces  in 


the  layout  for  certain  activities.  If  some  activities  would 
be  too  costly  to  relocate  within  a  facility  due  to  special 
environmental  control  requirements,  floor  load  capacity, 
special  lighting,  or  essential  proximity  to  utilities  or 
external  access  points,  then  they  can  be  fixed  and  only  the 
other  spaces  and  activities  be  re-assessed.  If  the  building 
construction  is  inflexible  (eg;  if  walls  are  load  bearing  and 
not  easily  removable,  ceiling  and  roof  levels  are  staggered), 
then  these  factors  should  also  be  incorporated  to  find  the 
most  practical  and  acceptable  solution  to  the  space  problem. 

Such  a  planning  exercise  could  also  be  the  starting 
point  for  the  justification  of  a  new  facility,  or  a  facility 
extension  or  major  modification.  Should  part  or  all  of  a 
facility  be  vacated,  due  to  its  inability  to  support  the 
organization's  current  mission,  then  this  process  of 
assessing  space  needs,  as  well  as  layout  planning,  would  be 
required  for  potential  new  users  of  that  space.  If  a  number 
of  space  requirements  exist  on  the  installation,  and  one  or 
more  must  be  selected  to  occupy  the  space,  then  this 
selection  should  be  methodical.  The  following  criteria  could 
be  used  for  selection: 

1.  Highest  priority,  in  terms  of  mission  essentiality 
and/or  necessity  to  meet  time  constraints  over  which  the 
installation  has  little  or  no  control  (system 
acquisition,  for  example). 

2.  Area  required.  If  a  high  priority  requirement  would 
either  not  fit  into  the  space  available  or  would  leave 
excessive  space  over,  then  a  lower  priority  requirement 
may  be  preferred. 
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3.  Suitability  of  type  of  construction  with  regard  to  the 
type  of  work,  to  be  carried  out  inside  the  facility.  For 
example,  e lectro -magne t ic  screening,  floor  loading 
capacities,  physical  security  and  fire  requirements. 

4.  Suitability  of  facility  location  with  respect  to  other 
on-base  facilities,  especially  those  operated  by  the  same 
user,  airfield  pavements,  and  major  support  facilities. 

5.  Commonality  of  work-type  with  other  building  users,  and 
the  ability  of  all  users  to  co-exist  without  the  loss  of 
efficiency  or  the  disruption  of  operations. 

6.  Cost  of  remodelling  or  modifications  necessary  to  make 
the  facility  comply  with  functional  requirements. 

Determination  o  f  Space  Needs .  Pulgram  and  Stonis,  in 

Des iqning  the  Automated  Office:  A  Guide  for  Arch i tects , 

Inter ior  Designers ,  Space  Planners ,  and  Fac i 1 i ty  Managers 

(47),  recommend  a  four-phase  process  for  determining  the 

spatial  needs  of  an  office-type  facility.  The  process  can 

equally  be  applied  to  most  facility  types,  and  comprises 

1)  data  collection,  2)  analysis  and  synthesis  of  collected 

data,  3)  definition  of  hard  criteria,  and  4)  preliminary 

and  final  reporting.  Each  phase  will  be  discussed. 

Phase  I_  -  Data  Collection.  Information  on  work 
procedures,  workstation  requirements,  personnel  job 
descriptions,  activity  dependencies,  existing  facility 
inadequacies  and  deficiencies,  functional  descriptions, 
personnel  numbers,  equipment  types  and  quantities,  storage 
requirements,  end  utility  requirements,  must  all  be  obtained 
There  are  usually  three  types  of  information  source; 


facility  users,  specialists  such  as  management  consultants 
end/or  facility  managers,  and  the  organization's  management 
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(47:22).  There  are  four  primary  techniques  available  to 
collect  this  data;  observation,  questionnaires,  interviews, 
and  applied  experience  and  research  (47:23).  Most  readers 
will  be  familiar  with  the  first  three  techniques.  Research 
includes  extraction  of  relevant  data  from  organizational 
records,  standard  operating  procedures,  regulations,  and  work 
standards . 

The  information  must  include  individual  task  demands, 
group  task  demands,  and  organizational  task  demands.  This 
information 

forms  the  nucleus  of  the  organizational  structure.  It 
provides  the  basis  for  understanding  equipment  needs, 
for  developing  space  layouts  patterned  around  functional 
relationships,  for  designing  appropriately  furnished 
workstations,  and  for  providing  sufficient  building 
systems  support  (47:24). 

Phase  II  -  Analysis  and  Synthesis  of  Collected 
Data .  This  involves  "identifying  patterns  and  clusters  of 
similar  requirements  around  which  standards  or  conclusions 
can  be  developed"  (47:27).  Previously  collected  data  is 
disassembled,  patterns  found,  relationships  identified,  and 
design  direction  and  standards  formulated.  Synthesis  entails 
assembling  the  data  pertinent  to  the  tasks  (such  as  specific 
design  criteria)  that  will  guide  the  generation  of  design 
alternatives  and  permit  their  evaluation,  as  well  as  enable 
space  standards  to  be  established  based  on  known  and 
anticipated  requirements  (47:27). 

The  'data  bank'  can  be  broken  into  10  categories  (47:27- 
38 ) ,  as  follows : 
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1.  Functional  Unit  Pro  files.  What  will  they  be  doing?  How 
will  they  operate?  Which  will  be  most  heavily  affected  by 
anticipated  changes? 

2 .  Personnel  1 istings  and  ancillary  support  spaces,  such  as 
rest  rooms,  conference  rooms,  and  stationery  storage. 

3.  Growth  pro j ect ions  for  personnel  numbers  and  ancillary 
functions.  In  particular,  areas  where  there  is  heavy  growth, 
extensive  storage  requirements,  and  extensive  conference  and 
briefing  requirements,  should  be  noted. 

4.  Ancillary  functions  that  support  group  and 
organizational  tasks,  such  as  libraries,  computer  rooms, 
canteens,  reproduction,  central  typist  word-processing  pools. 

5.  Technological  requirements  including  equipment:  sizes, 
combinations,  shared  usage,  quantities,  special  location 
criteria  such  as  external  building  access,  venting,  utility, 
and  environmental  controls. 

6.  Base  building  requirements  -  the  type  and  character  of 
the  space  to  be  occupied.  Will  it  be  rehabilitated  existing 
space,  some  hypothetical  office  space  (facility  yet  to  be 
nominated),  or  a  new  facility?  Architectural  features, 
building  systems,  and  optimal  interior  zoning  data,  should 
also  be  identified  to  set  constraints  on  the  design.  The 
need  for  subsequent  flexibility  should  be  defined:  How  often 
do  functions  change?  How  often  do  equipment,  workstation 
configurations,  and  personnel  allocations  change?  What  is 
the  population  density,  or  space  allowance  range  per  person? 


7.  Communications .  How  does  paperwork  and  material  flow? 
Which  activities  and  staff  have  heavy  personal  or  telephone 
contact,  write  to  each  other  extensively,  develop  plans  and 
policies  together,  perform  similar  tasks,  or  perform  tasks 
requiring  co-ordination?  Who  has  heavy  storage  requirements 
and/or  a  need  for  frequent  access  to  storage  areas? 

8.  Adjacency  requirements ■  This  type  of  data  is 
synthesized  from  all  data  types  mentioned  above,  and  refers 
to  the  perceived  need  for  any  two  activities  to  be  located 
next  to  each  other.  Adjacencies  can  be  determined  by  volume 
of  material  passing  between  activities,  the  need  for 
extensive  communication  or  coordination  between  activities, 
minimization  of  total  daily  travel  time  or  walking  distance 
between  activities.  It  could  also  be  determined  by  technical 
requirements,  such  as  the  need  to  minimize  utility  runs  from 
central  building  utility  cores  in  order  to  minimize  costs,  or 
by  noise  dampening  requirements  such  as  the  need  to  separate 
classroom  areas  from  plant  rooms  and  heavy  workshop  areas. 

9.  Special  requirements  such  as  lighting,  power,  acoustics, 
plumbing,  excessive  floor  loading,  security,  abnormal  working 
hours,  windowless  space,  HVAC,  audio-visual,  computer 
terminals . 

10.  Space  standards  for  entire  facilities  and/or  individual 
activities.  These  may  have  already  been  determined  by  the 
organization  or  left  open,  to  be  dictated  by  the  particular 
need  and  justification.  Space  standards  may  exist  for: 


a.  Tasks  (per  person,  or  per  group)  such  as  writing, 
conferencing,  filing,  storage,  telephone  usage, 
production  workstations,  reproduction,  word  processing, 
typewriter,  computer  terminal. 

b.  Individual  offices,  multiple  occupancy  offices,  open  plan 
offices,  and  workshops.  Personnel  may  be  allocated  a 
type  of  office  or  workstation  based  on  their 
organizational  status  or  level,  their  trade  or 
profession,  or  the  kind  of  work  performed. 

c.  Access  requirements  to  work  areas  (circulation  space, 
hallways),  expressed  as  a  width  or  as  a  percentage  of 
total  gross  or  net  floor  area. 

d.  Mechanical  and  electrical  plant  space.  If  the  design 
requirements  are  not  known,  then  a  percentage  of  the 
gross  or  net  floor  area  may  be  applicable. 

e.  Buffer  space  for  unknown  future  space  requirements,  nr 
for  future  layout  flexibility  if  relationships  change  or 
functions  are  redistributed. 

f.  Qualitative  requirements  such  as  access  to  window  views, 
space  for  plants,  wall  hangings,  visitor  comfort,  and 
aesthetics . 

g.  Staff  facilities  such  as  canteens  and  rest  rooms.  If 
such  standards  do  not  exist,  they  should  be  created  at 
this  point  in  order  to  make  future  space  management 
workable . 

Phase  III  -  Definition  of  Hard  Criteria .  Pulgram 

and  Stonis  explain  this  phase  as  "Obtain  owner  review 

comments,  add  circulation  and  layout  factors,  tabulate 

quantities,  and  summarize  the  qualitative  program"  (47:38). 

This  phase  comprises  (47:44): 

1.  Finalization  of  space  standards, 

2.  Personnel  tabulation, 

3.  Space  requirements  tabulation, 

4.  Tabulation  of  area  calculations,  and  addition  of 
circulation  and  layout  factors,  expressed  as  percentages 
of  the  total  tabulated  area. 


'ivSs? 


layout;  and  recommendations  such  as  restrictions  on  area 
shapes,  and  space  quality. 


Models  for  Determining  Space  Needs.  In  Computer-Aided 


Arch  i  tectural  Des ign  (39),  Mitchell  examines  methods  of 
analyzing  quantitative  data  on  space  needs  to  determine 
relationships  and  area  requirements  for  activities.  He 
states  that 

Computer-based  techniques  are  beginning  to  revolutionize 
this  phase  of  design,  since  they  make  possible  the 
efficient  manipulation  of  large  volumes  of  data,  and  the 
performance  of  much  more  extensive  and  sophisticated 
analyses  than  had  been  possible  in  the  past  (39:399). 

Methods  reviewed  are  simple  empirical  methods,  timetable 

models,  queuing  models,  simulation  models,  and  normalization 

of  space  needs.  Mitchell  cautions  the  use  of  computers  in 

this  task,  in  that  they 

tend  to  require  a  great  deal  of  accurate  and  detailed 
input  data,  which  is  rarely  readily  available,  and  which 
may  be  difficult  and  expensive  to  collect.  Furthermore, 
the  modelling  effort  itself  is  quite  a  lengthy  and 
expensive  process  (39:410). 

Emp ir ical  Mode  1 s .  These  models  are  simple 
heuristic  formulae  produced  through  experience.  Mitchell 
gives  the  example  of  such  a  formula  for  determining  the 
number  of  seats  in  a  lecture  hall  as  a  function  of  the 
average  number  of  hours  of  teaching  per  student  per  week,  a 
frequency  factor,  an  occupancy  factor,  and  the  length  of 
teaching  week  (39:399).  The  area  of  the  hall  would  then  be 
based  on  the  number  of  seats  required. 

Mitchell  cites  an  example  of  the  application  of 
empirical  models  in  generating  lists  of  spaces  to  be  provided 
in  generic  facility  types,  based  on  the  number  of  occupants. 


His  main  criticism  is  that  mistakes  of  the  past  will  be 
carried  forward  into  the  future,  as  this  method  takes  no 
notice  of  changes  in  policy.  Also,  it  "provides  no  firm 
basis  for  optimization  of  space  usage,  or  for  examining  the 
sensitivity  of  space  and  facility  needs  to  variations  in 
activity  patterns  and  space  use  policy"  (39:400). 

Timetable  Models .  Timetable  models  are  used  widely 
for  assessing  the  classroom  requirements  of  educational 
facilities.  They  involve  examining  the  number  of  students 
enrolled  in  each  course  and  the  schedule  of  classes  for  each 
course,  to  determine  the  number  of  rooms  of  different  sizes 
that  would  be  required  to  accommodate  all  classes.  It  is 
used  not  only  in  facility  design  but  in  timetable  formulation 
to  ensure  that  class  scheduling  does  not  exceed  the  capacity 
of  classroom  space  available. 

Queuing  Models .  Where  customer  service  is  of  great 
importance  in  facility  design,  for  example  in  supermarkets, 
cafeterias,  and  department  stores,  queuing  models  can  be 
useful  in  determining  minimum  space  needs  for  projected 
customer  numbers,  available  staff  numbers,  and  desirable 
maximum  customer  waiting  times. 

Simulation  Mode  1 s .  Simulation  can  be  used  to 
assess  space  needs  in  customer  service  facilities  where  the 
movement  of  personnel  through  a  facility  is  more  complex,  and 
where  servicing  is  in  multiple  phases.  Most  simulation  of 


this  kind  is  concerned  with  input  and  output  to  spaces  in  the 


system,  such  as  arrivals  and  departures  of  people,  but  not 
with  the  details  of  individual  behavior  within  spaces 
(39:405).  Computer  simulation  programs  have  been  written  to 
simulate  traffic  flow  through  multi-story  vehicle  parking 
stations,  cafeterias,  and  air  terminals,  as  well  as  for  the 
flow  of  goods  and  personnel  through  warehouses  and  production 
facilities  (39:405). 

Normal ization  o f  Identi f ied  Space  Needs .  Once  the 
required  activities  and  their  areas  are  known,  there  may  be 
cases  where  it  would  be  more  cost  effective  (for  both  initial 
construction  and  remodelling  situations)  to  consider  having  a 
limited  range  of  standard  shape  and  size  modules  to  choose 
from.  For  example,  take  the  construction  of  modular 
buildings,  where  room  areas  must  be  in  multiples  of  standard 
sized  modules  -  say  8  feet  square,  or  64  square  feet  ( SF ) . 
Economies  of  scale  may  be  possible  by  constructing  a  large 
number  of  a  few  different  size  spaces  than  a  vast  array  of 
different  sizes  to  exactly  meet  the  identified  space 
requirements.  Construction  costs  might  be  minimized  by 
constructing  10  spaces,  each  of  area  192  SF,  rather  than  8 
spaces  of  192  SF  and  2  of  128  SF.  A  simple  problem  of  this 
nature  could  be  solved  by  hand. 

If  many  different  standard  size  modules  were  available 
and  many  activities  with  differing  space  requirements  must  be 
accommodated,  the  optimum  selection  of  sizes  and  quantities 


to  minimize  costs  requires  the  application  of  dynamic 


programming  techniques,  which  are  best  handled  by  computer 
( 39:407-409) . 


Space  Planning  -  Fac i 1 i tv  Layout  Design 

The  concept  of  space  planning  and  some  basic  principles 
will  now  be  examined.  Literature  dealing  with  both  manual 
and  computer  aided  methods  of  floor  plan  layout  is  discussed 
in  depth  towards  the  end  of  this  chapter. 

Whether  the  internal  space  of  a  building  is  laid  out  by 
hand,  or  with  the  aid  of  a  computer,  the  architectural 
principles  used  to  compile  and  evaluate  the  alternative 
arrangements  are  similar.  In  order  to  effectively  utilize 
the  computer  to:  1)  process  the  designer's  input,  2) 
produce  a  layout,  and  3)  evaluate  it  in  terms  of  performance 
against  specified  criteria,  the  required  procedures  are 
algorithmic,  highly  mathematical,  and  commonly  consist  of 
complex  manipulations  of  matrices. 

De  f ini t ions .  According  to  Grant,  in  A  Par  t ial 1 y 
Annotated  Bibl iographv  on  Space  Planning  Methods  for 
Arch i tects  and  Space  Planners,  space  planning  is  "the 
placement  of  elements  being  designed  or  planned  in  a  given 
space  or  environment"  (26:2).  He  gives  a  more  narrow,  but 
incomplete,  definition  as  "the  complete  filling  of  a  space  by 
the  elements  being  designed,  as  in  the  filling  of  a  hospital 
floor,  with  no  floor  space  left  unoccupied"  (26:2). 

Eastman,  in  Automated  Space  Planning  and  Theory  and 
Design :  A  Review,  defines  space  planning  as  "the  arrangement 


of  a  set  of  elements,  where  distances,  adjacencies  and  other 


functions  of  the  arrangement  are  objective"  (21:2). 

Friedmann  et  al,  in  Inter  ior  Design.:  An  Introduction  to 

Archi tectural  Interiors,  defines  a  space  planner  as  one 

concerned  with  "the  analysis  of  spatial  requirements,  the 

programming  of  needs  for  clients,  the  preliminary  space 

layouts,  and  ultimately  the  final  planning"  (24:476). 

Space  planning  is  as  much  a  part  of  the  design  of 

modifications  and  renovations  of  existing  facilities  as  it  is 

a  part  of  the  initial  facility  design  process.  When  a 

facility  is  being  designed,  space  needs  of  the  users  and 

activities  are  gathered  and  analyzed  in  order  to  provide  a 

structure  which  meets  the  functional  requirements.  When 

planning  an  internal  modification  where  the  available  overall 

area  is  considered  adequate  but  in  need  of  rearrangement  to 

accommodate  new  or  changed  activities,  spaces  have  to  be 

placed  within  a  given  area.  In  such  cases  space  planning  is 

referred  to  by  some  authors  as  ' space -f il 1 ing ' .  Miller,  in 

Computer  Aided  Space  Planning :  An  Introduction,  defines  it  as 

"the  act  of  positioning  a  set  of  elements  in  some  predefined 

space  such  that  they  satisfy  a  given  set  of  constraints" 

(38:6).  Grason,  in  A  Dual  Linear  Graph  Representation  for 

Space-Fill  ing  Location  Problems  of.  the  Floor  Plan  Type , 

defines  space-filling  location  problems  as 

the  placement  of  a  set  of  subspaces  in  a  particular 
larger  space,  subject  both  to  a  class  of  location 
requirements  and  to  the  constraint  that  the  subspaces 
must  entirely  fill  the  larger  space  (27,  in  36:170). 


Grant  states  that  in  all  space  planning  definitions, 

the  emphasis  is  on  the  placement  of  elements  with  regard 
to  relat ional -prox  imi ty  criteria;  that  is,  the  relations 
among  the  elements  being  placed,  in  terms  of  adjacency, 
contiguousness,  distances  apart,  and  the  consequent 
costs  or  utility  in  terms  of  total  traffic  distances  or 
conf 1 icts  (26:2). 

Space  planning  in  architecture  refers  both  to  the 
selection  of  sites  for  individual  facilities  (location 
planning)  and  to  the  location  of  individual  activities  within 
a  single  facility  (layout  planning).  Facility  location 
planning  is  practiced  by  city  and  town  planners,  master 
planners,  and  base  comprehensive  planners  and  is  not  dealt 
with  in  by  this  research.  Facility  layout  planning  is 
practiced  mainly  by  architects,  facility  managers,  and  real 
property  managers,  and  is  the  subject  here.  Techniques  for 
layout  design  are  examined  after  the  following  review  of 
literature  dealing  with  AFCE  practices. 

(JSAF  He thods  for  Facil  itv  Space  Planning  and  Management . 

The  only  literature  available  to  the  author  that  deals 
with  specific  USAF  space  management  or  space  planning 
exercises  are  documentation  of  a  get-well  program  run  in  HQ 
USAFE  in  the  1970's,  recent  Base  Comprehensive  Planning 
studies,  and  some  planning  criteria  statements.  The  two 
latter  address  the  long  term  effective  utilization  of  an 
ins ta 1  la t ion ' s  facilities  and  have  endeavored  to  consolidate 
existing  space,  establish  planning  criteria  and  philosophies 
for  the  orderly  development  of  future  facilities,  and  to 
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establish  current  deficiencies  and  expected  future  space 
requirements.  Some  have  also  established  which  existing  base 
facilities  should  be  renovated  or  modified  and  the  functions 
for  which  they  should  be  used. 

No  literature  could  be  found  which  dealt  with  the  use  of 
space  planning  principles,  methods,  or  techniques  by  AFCE 
when  designing  or  modifying  facilities. 

HQ  USA  FI'  HQ  USAFE  identified  several  problems  with 

space  utilization  in  facilities  on  bases  within  its  command 
in  the  early  1970's.  With  31  major  air  bases  or  air  stations 
and  480  supporting  installations  including  communications, 
housing,  and  ammunition  storage  sites,  control  of  an 
increasing  inventory  of  facilities  had  become  thin.  General 
David  C.  Jones  wrote,  in  a  letter  to  Wing  and  Base  Commanders 
in  March  1972: 

Inadequate  control  of  facility  use  has  become  a 
matter  of  increasing  concern  to  me.  Actual  use  of 
facilities  often  differs  from  reported  use.  Existing 
requirements  regarding  approval  and  documentation  of 
canges  in  use  are  ignored.  As  a  consequence,  our  total 
facility  programming  effort  continues  to  be  adversely 
affected  by  unreliable  source  data.  ...  Facility  use 
should  remain  as  stable  as  possible  consistent  with  your 
mission.  Arbitrary  changes  must  be  avoided.  Any 
proposed  changes  in  use  must  be  supported  by  your  civil 
engineer's  facility  use  study.  Required  approvals  must 
be  obtained  before  the  changes  are  made.  The  objective 
is  maximum  effective  use  of  all  existing  facilities 
under  your  control  (29:1). 

A  Facility  Use  Study  was  undertaken  in  1972 

to  implement  a  command-wide  program  with  the  objective 
of  insuring  maximum  effective  use  of  all  existing  real 
property  facilities  under  USAFE  jurisdiction,  control, 
and  accountability  (29:1). 


A  Facility  Use  Team  was  formed  and  tasked  to  visit  major 
USAFE  installations  to  (1:2-3): 

1.  develop  space  requirements  based  on  an  installation's 
mission  and  standard  facility  criteria; 

2.  validate  the  base  real  property  survey,  and  find  out  what 
facilities  were  actually  being  used  for; 

3.  compare  known  requirements  against  existing  assets,  by 
category  code;  and  to 

4.  initiate  change  in  use  requests,  approve  or  disapprove, 
initiate  disposal  action  where  required. 

The  team  noted  that  in  many  cases  the  base's  mission  was 

not  clearly  defined,  and  thus  facility  requirements  had  not 

been  accurately  assessed.  Also,  it  found  that  space 

management  on  bases  tended  to  be  left  to  one  individual  in 

the  BCE  organization  with  no  support  for  his  activities  from 

the  BCE,  the  FB,  or  Commanders.  Finally,  it  judged  that  the 

FB  was  not  acting  as  a  corporate  decision-making  body  on 

space  use,  and  that  decisions  were  largely  oriented  to 

changing  operational  requirements  rather  than  to  a  base 

program  or  objective. 

The  team  was  disbanded  in  the  mid-1970's  due  to  a  lack 
of  funding  and  manpower.  The  Planning  Assistance  Teams  which 
were  set  up  in  the  early  1980 's  to  assist  bases  in 
comprehensive  planning  of  base  layouts  took  over  this  role  of 
overseeing  base  facility  utilization.  However,  this  was  done 
as  a  once  only  project  for  input  to  the  Base  Comprehensive 
Plan  rather  than  as  an  on-going  program.  USAFE's  current 
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stated  methodolgy  for  achieving  maximum  effective  use  of  its 
facility  space  is  in  Appendix  J. 


Space  Management  in  USAF  Base  Comprehensive  Planning . 

The  USAF  Base  Comprehensive  Planning  ( BCP )  process  is  used  to 

plan  for  the  future  of  USAF  installations  (9:586).  Clark,  in 

his  article  "Base  Comprehensive  Planning:  Leading  the  Air 

Force  into  the  21st  Century,"  states  that  Air  Force 

Engineering  and  Services  has  the  responsibility  of 

stewardship  for  the  real  property  assets  entrusted  to  the  Air 

Force  by  the  American  taxpayer  (9:586).  This  involves 

the  economical  and  environmentally  sensitive  care  and 
maintenance  of  11  million  acres  of  land  and  all  the 
facilities  and  systems  that  we  build  on  it.  These 
include  66,000  buildings  ....  (9:586). 

BCPs  are  carried  out  under  HQ  USAF  funded  contracts  by 

A-E  firms.  Phase  1  of  the  process  involves  the 

identification  of  where  we  want  to  go  (what  are  the 
future  goals  and  objectives  for  developing  the  base  as  a 
community?),  what  we  have  now  (an  inventory),  and  what 
the  current  deficiencies  are  (9:587). 

As  part  of  this  phase  A-E  firms  have  produced,  with  the  aid 

of  BCE  staff  and  facility  users,  complete  inventories  of 

space  usage  for  all  buildings  on  an  installation.  Such 

studies  may  be  all  inclusive,  or  divided  into  functionally 

discrete  base  areas  each  having  its  own  Master  Plan.  Studies 

undertaken  at  Scott  AFB,  Illinois,  and  the  United  States  Air 

Force  Academy  in  Colorado  Springs,  Colorado,  are  discussed  as 

examples  of  each  type. 
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The  BCP  for  Scott  AFB,  conducted  by  Harland  Bartholomew 

and  Associates,  Inc.  from  St.  Louis,  included  a  Space 

Requirements  Study  for  all  categories  of  building  space.  Th 

scope  of  the  Administrative  Space  Requirements  Study  was 

to  determine  how  much  administrative  space  will  be 
required  to  accommodate  each  organization  or  unit,  and 
where  that  space  should  be  located  to  carry  out  mission 
and  functional  requirements  (5:1). 

The  report  tabulates  all  existing  space  quantitatively 

according  to  building  number  and  user  organization,  giving 

category  and  condition  codes.  It  tabulates,  on  the  same 

table,  the  future  space  requirements  anticipated  by 

organizations  as  a  function  of  personnel  numbers,  an 

allowance  of  135  SF  per  person  gross  building  area,  and 

individually  listed  special  purpose  areas  covering  such 

things  as  EDP,  drafting,  reception,  and  contractor  space. 

Requirements  were  gathered  from  users  by  survey  of  unit 

and  squadron  commanders.  The  survey  requested  information 

about  each  unit's  mission,  organizational  and  functional 

relationships,  number  of  authorized  administrative  personnel 

contractor  and  special  purpose  space  requirements,  and  space 

deficiencies  (5:2-12).  Serious  deficiencies  were  noted,  and 

much  of  the  existing  space  assessed  as  unsuitable  for 

renovation  or  continued  long-term  use. 

The  study  was  able  to  identify  the  amount  of  new 

construction  required,  those  existing  inadequate  facilities 

which  could  be  renovated,  and  non-administrative  space  which 

could  be  converted  for  administrative  use.  These 


recommendations  became  part  of  the  BCP.  A  sample  of  the 
final  tabulations,  functional  relationship  diagrams,  and  user 
survey,  are  in  Appendix  D. 

At  the  United  States  Air  Force  Academy,  Master  Plans 
were  created  for  each  discrete  area,  and  space  requirements 
studies  were  conducted  simultaneously  for  all  space  types 
within  an  area.  Skidmore,  Owings,  and  Merrill  (SOM),  a  large 
nation  wide  A-E  firm,  was  engaged.  In  preparing  the 
Community  Center  Master  Plan,  a  two-phase  assessment  of  the 
existing  facility  conditions  was  undertaken.  An  inventory  of 
all  usable  spaces  including  physical  dimensions,  broken  down 
by  user  and  space  type,  was  performed  and  existing  building 
layout  plans  were  generated  by  computer.  Then  the  functional 
and  operational  characteristics  of  all  departments  and 
programs  using  the  facilities  were  determined  (50:A-0). 

The  first  phase  required  visiting  each  room  in  every 
building  and  recording  dimensions,  user,  space  type,  and 
function,  then  comparing  these  records  with  as-built  drawings 
held  by  the  BCE.  The  second  phase  consisted  of  interviewing 
users  to  assess  missions,  goals,  and  functional  relationships 
within  and  between  organizations.  Deficiencies  were  not 
recorded  unless  "they  impacted  the  Master  Planning  effort" 

(50 : A-7) . 

The  Cadet  Area  Master  Plan  study  dealt  similarly  with 
the  identification  of  all  spaces,  their  users,  their 
suitability  for  conversion  for  other  functions  in  terms  of 


their  condition  and  location  within  the  area,  and  with  the 


identification  of  deficiencies.  Oat  of  11  area  types 
including  classroom,  lecture,  laboratory,  office,  dining,  and 
housing,  only  dining  was  found  to  have  no  deficit  in  space. 
The  total  space  deficit  was  about  15  per  cent  of  the  existing 
space  available. 

Recommendations  were  made,  as  a  result  of  computer 

intensive  space  planning  studies,  on  the  short  and  long  term 

requirements  for  new  construction  and  conversion,  and 

relocation  of  functions.  Due  to  limitations  of  available 

land,  development  of  site  was  to  be  minimized.  This  meant 

that  maximizing  the  utilization  of  existing  facilities  was  a 

goal  of  the  study.  The  study  states: 

By  surveying  each  of  [the]  Academy  programs,  an 
operational  base  of  information  was  established  to 
determine  present  facility  utilization  and  to  understand 
the  characteristics  which  may  direct  future  utilization. 
Decisions  to  consolidate,  reassign,  or  build  additional 
space  are  based  on  an  assessment  of  the  use  and 
magnitude  of  existing  facilities  (49:11). 

Facil itv  Design  Cr i ter ia  in  Base  Comprehens ive 

Planning .  Brooks  AFB  has  identified  design  and  planning 

criteria  for  the  long  term  requirements  of  its  research  and 

development  (R&D)  facilities.  In  a  report  entitled  Advanced 

Air  Base  Planning  Prototype,  Brooks  AFB.  San  Antonio  Texas , 

it  was  recognized  that  the  base's  program  requirements 

exceeded  both  the  capacity  and  adaptability  of  its  R&D 

facilities.  The  report  stated. 
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As  projects  begin  and  end,  processes  and  thus  facility 
support  systems,  spacial  configurations,  and 
environmental  controls  can  change.  For  this  reason, 
state-of-the-art  facilities  are  designed  to  accommodate 
change.  Three  criteria  for  R&D  facilities  should  be 
applied  to  Brooks  AFB: 

Flexibility 

Adaptability 

Maintainability  (28:3.15). 

It  further  developed  the  following  planning  considerations  to 
implement  these  criteria  (28:3.15-3.16): 

1.  a  modular  approach  to  space  planning; 

2.  zoning  areas  as  wet/dry  -  keep  offices  out  of  wet  areas; 

3.  place  all  mechanical  equipment  at  ground  level  to  enhance 
accessibility  for  maintenance  and  to  reduce  vibrations 
and  loads  on  structures; 

4.  place  people-oriented  spaces  on  the  outer  edges  of 
buildings  to  maximize  the  use  of  daylight; 

5.  use  movable  equipment  and  partitions; 

6.  use  materials  that  provide  for  low  maintenance  and 
longevity;  and 

7.  select  systems  that  permit  these  facilities  criteria  to 
work . 

Such  definition  of  criteria  and  planning  guidelines  give 
the  architectural  development  of  an  installation  direction, 
and  forces  building  designers,  real  property  space  managers, 
and  facility  managers  to  monitor  and  plan  the  use  of  each 
facility's  space. 

1  Lt  J.P.  Mitnik,  in  Computer-Aided  System  Needs  for  the 
Technical  Design  Section  of  the  Base  Level  Civil  Enaineerin 


Squadron,  surveyed  commissioned  officers  in  BCE  design 
sections  on  a  variety  of  issues  relating  to  their  duties 
(40).  Of  the  306  design  personnel  surveyed  using  a  random 
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sampling  technique,  65  were  architects.  The  entire  sample 
was  asked  to  rank  a  list  of  design  activities  in  order  of 
time  spent  accomplishing  them.  Of  the  architects,  20 
reported  thet  they  spent  more  time  in  architectural  layout 
(eg;  space  layout,  circulation,  flow,  functionality,  bubble 
diagrams,  user  needs)  than  anyother  technical  activity,  and 
22  spent  more  time  allocating  space,  computing  square 
footages,  determining  requirements  and  space  utilization  than 
any  other  technical  activity  (40:5.8). 

Computers  in  AFCE  Space  Planning  and  Management 

The  WIMS  system  is  an  integrated  computer  Decision 

Support  System  whose  objective  is 

to  provide  Air  Force  Civil  Engineering  at  all  levels 
with  data  automation  tools  and  equipment  that  are  easy 
to  use,  flexible,  accessible,  and  operable  by  Civil 
Engineering  personnel  and  responsive  to  management  and 
mission  requirements  (10:3). 

WIMS  will  eventually  be  implemented  in  throughout  the  AFCE 
organization  worldwide.  The  intent  is  to  give  "key  managers 
the  ability  to  fully  automate  —  in  the  form  they  choose--the 
data  required  to  do  their  jobs"  (10:2).  Data  input  and 
program  execution  is  performed  interactively  at  individual 
mini-computer  terminals. 

Real  Property  records  are  integrated  with  the  Long-range 
Planning  module,  one  of  14  modules  contained  within  the 
system.  The  real  property  personnel  have  at  their  disposal  a 
customized  database  of  facility  areas,  with  category  codes. 


condition,  user  organizations,  and  functional  activities. 


Data  will  be  transferred  into  the  WIMS  databases  direct  from 
the  Base  Civil  Engineer  Automated  Management  System  (BEAMS). 

The  accessibility  of  building  information,  building 
usage  data,  ease  of  use,  and  ease  of  updating  records,  are 
all  greatly  improved  from  BEAMS.  An  added  feature  is  that 
the  database  files  can  be  modified  to  include  additional 
fields  and  to  produce  output  in  whatever  format  is  required 
(10:4).  With  WIMS  real  property  data  can  be  accessed  quickly 
and  directly  by  designers  and  real  property  space  managers  at 
their  desks,  without  the  need  for  generating  and  searching 
through  hardcopy  reports. 

The  WIMS  also  has  the  capability  of  running  'canned' 
software  and  high-level  programming  languages.  WANG,  who 
manufacture  all  of  the  WIMS  hardware,  has  produced  a  special 
adaptation  of  AutoCAD  which  will  run  on  the  hardware  as  a 
stand  alone  package  without  interfacing  with  WIMS.  AutoCAD 
is  perhaps  the  most  extensive,  versatile,  and  popular 
Computer  Aided  Design  (CAD)  software  packages  available.  It 
has  a  space  planning  capability,  with  'blocking'  and 
'stacking'  features  only  usually  found  on  more  sophisticated 
space  planning  programs,  to  improve  layouts  of  activities  on 
one  or  more  vertical  levels.  WIMS  can  be  configured  with 
high  resolution  graphics  to  support  CAD. 

With  its  integrated  databases,  wide  accessibility,  ease 
of  use,  and  the  WANG  AutoCAD  option,  both  space  management 
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and  space  planning  by  BCE  real  property  and  design  personnel 
respectively,  will  be  aided. 

Mitnik's  study  (40)  asked  BCE  design  personnel  if  they 
had  any  CAD  experience,  and  what  would  they  use  CAD  for  if 
they  had  access  to  it  in  the  workplace.  From  the  sample  of 
306  designers,  40  had  used  CAD,  a  further  19  had  used 
computers  for  data  analysis,  and  15  more  had  some  computer 
language  experience  but  had  not  used  computers  in  design  or 
analysis.  Generalizing  this  data  to  the  entire  population  of 
BCE  designers,  a  surprisingly  small  proportion  (approximately 
24  percent)  have  had  computer  exposure.  This  is  especially 
surprising  as  61  percent  were  Lieutenants,  60  percent  had 
been  commissioned  for  less  than  four  years,  and  for  55 
percent  their  current  assignment  was  their  first  as  a 
commissioned  officer  (40:4.4). 

Desirable  uses  for  CAD  were  solicited  by  an  open-ended 
question.  The  most  relevent  responses  to  this  author's  study 
are  in  Table  I  below.  Respondents  were  free  to  include  as 
many  uses  as  they  wished. 

Although  this  data  is  aggregated  for  all  designers  and 
not  just  architects,  it  does  indicate  that  there  is  some 
interest  in  achieving  better  design  and  having  better  access 
to  accurate  building  data  for  design  purposes.  However, 
these  levels  of  interest  (4.9  and  3.9  percent  respectively) 
were  no  greater  than  the  percentage  of  designers  who  felt 
that  CAD  was  not  warranted  for  thier  purposes  (4.9  percent). 
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experience,  sensitivity,  and  taste"  (26:4). 


When  pressed  for 


reasons  for  favoring  one  alternative  layout  to  another,  or 
for  reasons  for  making  specific  room  adjacency  decisions, 
designers  who  use  intuitive  methods  have  usually  either 
admitted  to  basing  their  decision  on  one  criterion  to  the 
exclusion  of  all  others,  or  have  declared  that  a  more 
systematic  approach  would  threaten  their  creative  potential 
(26:5)  . 

Systematic  methods  have  been  developing  since  the  early 
1960's  (26:5).  Reasons  for  favoring  systematic  methods  have 
been  proposed  by  many  authors,  and  include: 

1.  It  enhances  communication  of  ideas  between  members  of 
design  teams,  and  between  designers  and  the  potential 
users  of  the  facility  (26:5); 

2.  It  enhances  the  teaching  of  design  and  planning  (26:5); 

3.  It  encourages  or  enforces  thoroughness  (21);  and 

4.  It  allows  the  average  designer  to  emulate  the  successful 
efforts  of  the  ingenious  (26:5); 

5.  It  makes  design  decisions  more  understandable, 
recordable,  and  retraceable  (21). 

Grant  feels  that  perhaps  professional  accountability  and 

objective  analysis  are  the  primary  reasons  for  space  planning 

methods  to  be  systematic: 

The  nature  of  design  itself  -  an  activity  aiming  at 
altering  a  situation  to  bring  it  closer  to  somebody's 
image  of  what  ought  to  be  -  makes  it  incumbent  on  he  who 
exercises  delegated  authority,  as  does  the  architect  and 
planner,  to  always  stand  prepared  to  explain  and  justify 
the  basis  of  his  decisions.  If  his  decisions  are  based 
only  on  unexplained  intuitive  or  implicit  processes,  it 
is  difficult  to  defend  them  or  even  explain  them  on  any 
basis  other  than  experience,  genius,  or  a  plea  of  'trust 
me,  I  know  the  way'.  If  decisions  are  systematized  and 


explicitly  described,  the  decisions  may  not  be  better, 
but  at  least  they  are  open  to  argumentation  and  analysis 
(26:6). 

For  these  reasons,  the  development  of  systematic  methods 
has  been  slow  and  resisted  by  the  profession  in  general,  as 
most  cling  to  intuitive  methods  for  fear  that  individual 
creativity  will  otherwise  be  eliminated  from  design  (26:7). 

Lee,  in  his  book  Computer  Aided  Space  Planning,  analyzes 
the  steps  that  most  architect/planners  take  intuitively  when 
designing  space  layouts.  They  are  as  follows: 

1.  Identifies  each  element  involved  and  defines  the 
relationships  between  each  pair  of  elements. 

2.  Establishes  for  each  element  the  required  area,  and  any 
specific  configurations  desired. 

3.  Diagrams  element  relationships  by  relating  various 
elements  to  each  other  graphically  as  bubble  diagrams. 

4.  Transforms  bubble  diagrams  into  a  space  relationship 
layout  by  incorporating  the  area  required  for  each 
element.  The  layout  becomes  a  scaled  drawing. 

5.  Evaluates  alternative  arrangements  according  to  program 
constraints,  such  as  functional  requirements,  project 
budget  and  aesthetic  consideration  (33:19). 

Bubble  diagrams  will  be  further  discussed  later  in  this 

chapter . 

Steadman,  in  Architectural  Morphology  (54),  divides  all 
systematic  methods  broadly  into  two  groups,  heuristic  and 
exhaustive.  A  heuristic  method  might  be  intended  to  generate 
just  one,  or  a  few  plans,  in  which  certain  stated 
requirements  of  adjacency  between  rooms,  and  perhaps  also 
constraints  on  the  dimensions  and  shapes  of  rooms,  are 
optimally  satisfied.  Exhaustive  methods  are  designed  to 


produce  all  possible  plans  conforming  to  the  given 

requirements.  Heuristic  methods  can  be  employed  both  by  hand 

and  by  use  of  computers  but  have  a  serious  drawback.  These 

methods  commonly  attempt  to  optimize  the  plan  by  applying  one 

evaluative  criterion  alone  -  that  of  circulation.  No  other 

planning  criteria  such  as  aesthetics,  structure  (the  skeleton 

of  the  building),  heating,  and  lighting,  are  considered. 

Steadman  describes  the  process: 

For  every  pair  of  rooms  or  'zones'  in  the  building,  a 
figure  would  be  worked  out  -  perhaps  derived  from 
surveys  -  for  the  typical  frequency  of  journeys  made 
between  those  rooms  per  day  or  per  week.  In  any  actual 
layout,  this  figure  could  be  multiplied  by  the  distance 
separating  the  rooms  in  question.  Then  the  total  of  all 
such  products  could  be  summed  for  all  pairs  of  rooms. 
These  design  methods  were  intended  to  find  arrangements 
in  which  this  sum  was  minimized  (54:141). 

Exhaustive  methods  are  better  handled  by  computers. 

Neither  the  computer  program  nor  the  technique  itself 

exercises  a  choice,  beyond  the  constraints  initially  fixed  by 

the  designer: 

The  architect  [or  designer]  is  presented  with  the  entire 
set  of  feasible  alternatives  under  the  specified 
definition,  and  can  then  apply  further  criteria  of  his 
own  for  selection  within  this  range.  Or  else  he  can,  as 
a  result  of  seeing  the  possibilities,  go  back  and  change 
the  initial  constraints  so  as  to  generate  some  different 
set  (54:140). 

Grant  believes  that  there  are  three  groups  of  criteria 
for  formulating  and  evaluating  spatial  plans  such  as  floor 
layouts : 

Intr ins ic  physical  or  s i tuat ional  characteristics  such  as 

access  to  views,  the  existence  of  in-floor  or  in-ceiling 
utilities,  and  load  bearing  capacity  of  floors  at 
different  locations;  and  social,  economic,  and  aesthetic 


conditions  such  as  the  cost  of  floor  space  rental, 
historical  associations,  prestige,  or  negative  prestige 
value; 

Relational-proximity,  such  as  - 

a.  Relation  to  existing  features  (distance  to  exit, 
stairway,  elevator,  utilities) 

b.  Relation  to  new  elements  being  located  as  part  of 
the  subject  design  (distance  between  a  nurse's 
station  and  patient  ward,  volume  of  traffic  between 
a  facility's  front  entrance  and  an  information  or 
serving  counter) 

'Gestalt'  or  whol istic  characteristics.  This  group 

involves  the  facility  as  being  more  than  the  sum  of  its 
individual  elements.  It  involves  overall  effectiveness 
of  the  layout  in  achieving  its  functional  objectives. 

Most  of  the  literature  deals  with  space  allocation 

models  focusing  on  relational  criteria,  mainly  with  respect 

to  minimizing  distances  and  circulation  (traffic  flows) 

between  spaces.  This  classification  includes  such  techniques 

as  SLP  and  Dual  Graph  floorplan  generation  models,  and 

require  the  input  of  areas  and  relationship  data  in  the  form 

of  a  relationship  matrix  which  are  converted  to  two 

dimensional  layout  plans  or  data  matrices  which  can  be  read 

as  plans.  Most  computer  applications  are  based  on  relational 

criteria. 

Another  classification  of  space  allocation  model  is  the 
overlay  type,  in  which  multiple  maps  of  the  floor  plan 
envelope  are  shaded  to  "indicate  value  judgments  about 
suitability  and  desirability,  and  then  stacking  the  several 
shaded  maps  on  a  light  table  to  obtain  a  composite 
evaluation"  (26:7).  One  plan  is  shaded  for  each  criterion. 
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This  technique  has  the  capability  of  combining  intrinsic, 

situational  criteria  with  relational-proximity  criteria,  by 

allowing  the  designer  to  view  and  consider  the  effects  of 

many  such  criteria  acting  at  once  (26:8). 

Mitchell,  in  Computer  Aided  Archi tectural  Design, 

classifies  space  planning  techniques  into  assignment,  dual 

graph,  and  overlay  (39).  Dudnik  and  Krawczyk,  in  An 

Evaluation  o  f  Space  Planning  Methodologies  classify 

techniques  similarly,  and  single  out  the  assignment  type  as 

having  the  most  objectivity.  They  define  assignment 

techniques  as  an  approach  which 

considers  the  space  planning  problem  as  a  combinatorial 
problem  of  assigning  the  various  required  spatial 
elements  to  discrete  locations  or  modules  in  the 
available  space  in  such  a  way  as  to  satisfy  a  given  set 
of  constraints  and  to  optimize  some  objective  function 
( 20 : 415)  . 

Grant  explains  that  the  objective  function  is 

generally  some  function  of  distance  and  interaction 
among  the  elements  being  located,  with  the  interaction 
function  usually  dealing  with  cost  of  traffic,  volume  of 
traffic,  relative  importance,  or  some  hierarchy  of 
priorities  among  traffic  types  (26:38). 

This  definition  could  include  both  relational-proximity 

techniques  and  1  inear / non-1 inear  programming  models. 

Eastman  states  that  the  objective  of  space  planning 

exercises,  and  the  conditions  under  which  they  are 

undertaken,  are  not  always  the  same.  One  such  objective,  but 

not  necessarily  the  most  important  one,  is  to  fit  a  set  of 

activities  into  as  small  a  space  as  possible  without 

overriding  adjacencies  (21). 


Eastman  recognizes  there  being  two  major  classifications 


of  space  planning  models  or  algorithms  -  'heuristic'  and 

'optimizing'.  His  definition  of  heuristic  is  not  quite  the 

same  as  Steadman's  cited  earlier  (54).  It  and  includes 

methods  of  generating  a  few  alternative  layouts  or  an 

exhaustive  number,  the  objective  being  to  evaluate  each 

alternative  numerically  according  to  specified  criteria  and 

selecting  the  one  with  the  greatest  compared  worth. 

Optimizing  algorithms  take  the  form  of  linear  and  non-linear 

programming  problems,  the  equivalent  of  Mitchell's  assignment 

problems.  Some  practical  examples  of  their  use  are  drawn 

from  Mitchell  later  in  this  Chapter  (39:468-474). 

Lee  favors  heuristic  methods  of  space  planning.  He 

states  that  as  the  requirements  become  more  complex, 

the  task  of  arriving  at  an  optimum  solution  or 
generating  alternatives  for  evaluation  becomes  less 
manageable  as  well  as  [more]  time-consuming.  ...  no 
solution  can  possibly  satisfy  all  criteria.  Optimum 
solutions  are  compromises  where  the  conflicts  are 
minimized  (33:19) . 

He  advocates  the  use  of  computers  to  generate  solutions  to 
space  allocation  problems  -  "With  its  large,  accurate  memory 
and  low  computation  time,  the  computer  can  be  used  to 
generate  as  well  as  evaluate  solutions"  (33:20). 

Each  of  these  techniques,  relational -proximity ,  overlay, 
heuristic,  and  assignment,  will  now  be  examined.  Some 
conceptually  different  design  methods  of  minimizing 
construction  costs  while  improving  layout  flexibility,  such 


applications  of  these  layout  techniques  have  been  developed 
by  practicing  architectural  firms,  organizations,  academic 
researchers,  and  commercial  interests,  and  will  finalize  this 


discussion  of  design  methods. 


Relational  Proximity  Methods .  This  type  is  documented 


extensively  and,  in  its  simplest  form,  is  the  one  most  easily 


applied  by  hand.  The  most  common  technique,  and  that  which 


most  popular  computer  applications  seek  to  automate,  is  known 


as  SLP.  This  was  first  documented  by  Muther  in  Systematic 


Layout  Planning  in  1961  (35).  The  technique  is  also 


documented  by  Pulgram  and  Stonis  in  Designing  the  Automated 


Office  (47:46-50),  by  Gaither  in  Production  and  Operational 


Management :  A  Problem  Solving  and  Decision  Making  Approach 


(25:342-346),  and  by  Francis  and  White  in  Facil ity  Layout  and 


Location:  An  Analytical  Approach  (23).  It  is  essentially  a 


six-step  process: 


Step  1_.  Compile  a  list  of  activities  to  be  placed 


in  the  overall  space.  This  may  consist  of  individual  rooms 


to  which  activities  will  be  assigned,  or  could  comprise 


various  administrative  or  production  operations  to  be 


arranged  within  a  large  open  space.  Areas  are  also  required 


for  each  activity. 


Step  2.  Graph  on  a  chart  (or  matrix)  the 


interrelationships  of  all  pairs  of  activities  or  rooms  in 


terms  of  their  need  for  adjacency.  Muther  designed  the 


original  chart  at  Figure  1  with  six  levels  of  proximity,  from 
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Figure  1.  Muther's  Original  Functional  Relationship  Chart  05) 
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'absolutely  necessary1  to  'undesirable*  (43;  35:197-198), 
although  two  or  three  level  scales  and  color  codes  have  all 
been  used  for  this  purpose  (47:30-32).  Pulgram  and  Stonis 
state  that 

Requirements  for  adjacency  are  born  out  of  relationships 
that  exist  within  functional  unit  (intragroup)  and 
between  functional  units  (intergroup).  Typical 
relationships  include: 

Intragroup  -  user(s)  to  user(s) 

-  user(s)  to  group  items  and  spaces,  eg; 
equipment,  storage,  conference  spaces. 

Intergroup  -  group  to  group 

-  group  to  ancillary,  eg;  conference, 
central  computer,  word  processing. 

-  specific  user(s)  to  user ( s ) 

-  specific  user(s)  to  group(s)  (47:29-30). 

Figure  2  is  an  example  of  a  three-level  relationship  chart. 

As  shown  at  Figure  1,  the  original  Relationship  Chart  of 
Muther  also  included  a  number  coded  reason  for  the 
relationship  chosen,  such  as  material  flow,  supervision, 
personal  contact,  or  noise  (45:7). 

Step  3_-  Convert  the  completed  Relationship  Chart 
into  a  'Bubble  Diagram*.  A  bubble  diagram  is  a  graphical 
means  of 

relating  the  various  activities  to  each  other  visually 
and  geographically  to  form  the  basic  pattern  of  the 
layout  ...  the  object  being  to  work  out  on  paper  the 
arrangement  of  activities  that  will  place  those  with 
higher  closeness  ratings  nearest  each  other,  and  those 
with  lower  closeness  ratings  progressively  further  away 
(45:8)  . 


Administration  Operations  I  Finance 


1  Core  Audi!  Fncx 

2  Stockholders  hoimes 

3  Plan  Foreman-  Long 

4  Corp  Collections:  Field 

5  Pate  Reg  Howe 

6  Asst  Controller  White 

7  Fm  Acct  Baitantme 

8  Cast  Ac  “  Tyier 

9  Acc:  Services.  Crt>* 


10  Nuc  Eng  Whitaker 

11  Nuc  Services  Neumar. 

12  Nuc  Operations  Pine 

13  Fro o  Ooe'  McNaoc 


14  SyS  Ooer  4  Pian  Day 


15  Trans  Atlantic  Oper  Lo 

16  Meters  Wimams 

17  Cust  Oper  Bostic 

18  Cust  Ooer  McGee 

19  Gas  Meas  McKimey 

20  Energy  Mgr  Gresscocx 


21  Gen  Counse-  Ropers 

22  Claims  Weiss 

23  Reg  Atiairs  Marks 

24  Fa:  &  Q"  p,ar  :  h i»s 

25  Ene'g  .  Con-.rcf:  r-oiiis 

26  Pi  an  Anal  t  Marpie 


The  Adiacency  Matrix.  This  diagram  illus¬ 
trates  relationships  Detween  personnel  within 
and  across  departmental  lines  Color  and 
graphic  codes  are  often  used  to  indicate  the 
importance  of  adjacency. 
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Figure  2.  Three  level  Relationship  Chart  (47) 


The  'bubbles'  represent  activities  and  the  lines  joining  them 
indicate  the  strength  of  the  relationship  as  indicated  on  the 
Relationship  Chart.  At  Figure  3  (47:31)  are  examples  of  such 
diagrams.  Once  the  relationships  have  been  represented 
correctly,  usually  by  varying  the  thickness,  number,  or  color 
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Figure  3.  Examples  of  Bubble  Diagrams  (47) 
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coding  of  lines  joining  each  pair  of  activities  according  to 
the  number  of  levels  on  the  Relationship  Chart,  the 
activities  are  moved  further  apart  or  closer  together 
depending  on  the  strength  of  the  relationship.  Activities 
are  then  rearranged  such  that  they  will  fit  into  whatever 
facility  shape  the  designer  has  envisaged,  on  the  basis  of 
construction  costs,  site  restrictions,  or  aesthetic  appeal. 

If  the  designer  is  concerned  mainly  with  the  functionality 
and  efficiency  of  operations  within  the  facility,  then  he  may 
not  wish  to  confine  the  design  to  any  preconceived  shape.  In 
military  construction  both  construction  costs  and  function 
are  of  concern,  so  a  balance  must  be  struck. 

Step  4.  Incorporate  the  area  requirements  of  each 
activity  to  create  a  Proportional  Bubble  Diagram  with  each 
activity  space  represented  as  a  square  reflecting  its 
proportional  size.  Figure  4  is  an  example  of  this. 

Step  5_.  Mold  the  proportional  bubble  diagram  into 
a  Block  Diagram,  which  fits  individual  spaces  together 
according  to  relationship  strengths  by  adjusting  the  shapes 
but  preserving  the  areas.  Figures  5  and  6  show  the  stages 
invo 1 ved . 

If  there  are  constraints  on  length  to  width  proportions 
for  each  space  or  for  the  overall  floor  plan,  then  these  are 
included  in  this  step.  Many  such  block  diagrams  are  possible 
from  any  proportional  bubble  diagram.  If  the  objective  is  to 
fit  a  set  of  activities  into  a  building  space,  then  this  step 


must  also  include  consideration  of  situational  criteria  such 
as  the  floor  load  capacities  at  different  positions, 
structural  support  locations,  window  locations,  stairs,  and 
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Tha  Proportional  Bubble  Diagram.  This 
scaled  diagram  illustrates  relationships  among 
specific  departments  and  services  wrthin  an 
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administrative:  8,  legal  affairs.  C.  accounting. 
C.  computer  services:  E.  corporate  planning , 

F.  engineering  and  consulting.  G.  Systems 
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records.  L.  storage.  M.  public  space.  N. 
employee  services 


Figure  4.  Proportional  Bubble  Diagram  (47) 


major  utility  services.  These  existing  features  are  often 


too  expensive  to  relocate,  and  would  only  be  moved  as  a  last 
resort  and  only  if  funds  permitted.  If  available 
modification  funds  are  very  limited  then  existing  non-load 


bearing  walls,  electrical  distribution,  domestic  plumbing, 
and  lighting  arrangements  may  also  be  considerations  in  the 
formulation  of  feasible  block,  diagrams. 
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Step  6_.  Evaluate  the  feasible  block  diagrams. 

There  are  three  basic  methods  of  evaluation  (45:12): 

Balancing  advantages  aga ins t  disadvantages .  It  may  be 

possible  to  screen  out  some  alternatives  initially  as 
not  in  compliance  with  high  priority  criteria,  such  as 
conformity  to  security  and  fire  regulations,  irregular 
shapes  that  could  not  be  effectively  utilized  by  the 
intended  functions,  and  small  pockets  of  unallocated 
space  that  cannot  be  effectively  distributed  to  those 
activities  having  the  greatest  need  for  additional 
space . 

Factor  Anal  vs  is  Rating .  This  comprises  making  a  list  of 
organizational  objectives  (factors)  related  to  the 
configuration  of  the  activities  in  the  space,  assigning 
a  numerical  scale  weighting  to  each  objective  in  term., 
of  priority  for  achievement,  rating  each  alternative 
block  layout  against  each  factor,  multiplying  the  weight 
of  each  factor  by  the  rating  for  each  alternative,  and 
summing  to  produce  a  score  for  each  alternative.  The 
plan  with  the  highest  total  score  is  selected. 


Cost  Compar ison .  AIL  alternatives  can  be  costed  to  include 
planning,  installation,  operating,  and  maintenance 
costs.  Also,  projected  and  hypothetical  costs  for 
modifying  and/or  expanding  the  layout  at  some  future 
time  could  be  considered.  The  alternative  with  the 
lowest  costs  would  be  selected.  This  method  of 
evaluation  introduces  the  concept  of  layout  flexibility 
into  design.  This  concept  is  of  vital  importance  in  the 
design  of  facilities  for  organizations  with  changing 
missions,  where  the  market  for  products  or  services  is 
constantly  changing,  or  where  new  technologies  lead  to 
rapid  growth  of  the  organization  or  to  restructuring  of 
administrative  procedures,  processes,  and  production 
techniques.  Flexibility  and  growth  will  be  treated  in 
more  detail  later  in  this  chapter. 

Dudnik  and  Krawczyk  (20)  and  Eastman  (21)  classify 
relational -proximity  techniques  as  either  'constructive'  (or 
build-up  or  generative)  or  'improvement1  (or  hi 1 1 -cl imbing ) . 
Mitchell  acknowledges  this  classification  as  well  (39:440- 
452).  They  are  algorithmic,  or  procedural,  in  nature  and 
require  much  iteration  before  approaching  optimality.  They 
are  well  suited  to,  and  extensively  used  in,  computer 
appl icat ions . 

Constructive  Techniques .  These  begin  with  an  empty 

layout  (no  activities  al)ocated)  and  a  relationship  matrix. 

Each  element  is  located  in  accordance  with  whichever  of  the 

following  four  algorithms  is  chosen: 

Random  Generation .  Mitchell  explains  the  concept: 

A  random  sampling  strategy,  in  conjunction  with  some 
simple  assembly  rules,  is  employed  to  very  rapidly  and 
cheaply  generate  plans  for  consideration.  Each  plan 
that  is  produced  is  scored  by  summing  the  importance 
weightings  of  the  adjacency  requirements  that  are  met. 
The  plans  for  which  the  score  exceeds  a  specified 
minimum  value  are  printed  out  (39:441). 
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Pol ymino  Assembly  me thod .  The  element  placed  next  is  the  one 
having  the  highest  interaction  with  the  last  placed 
element. 

Ordered  Score  method .  The  elements  are  placed  in  the 
building  space  in  the  order  of  decreasing  total 
interaction  scores  from  a  relationship  chart. 

The  Nuclear  Growth  approach .  The  choice  of  element  to  be 

placed  next  is  based  on  the  total  interaction  score  of 
an  individual  element  not  yet  placed,  with  all  those 
elements  placed  previously  (20). 

Improvement  Techniques .  These  "start  with  an 

initial  layout  and  a  matrix,  and  a  attempt  to  alter  the 

layout  in  such  a  way  as  to  improve  the  measure  of  performance 

produced  by  the  objective  function"  (26:37).  Four  different 

algorithms  are  commonly  employed  to  define  the  process  by 

which  elements  are  selected  for  re-configuration  (26,20): 

Random  Switching  method .  Switch  the  location  of  any  two 
elements  and  reassess  the  value  of  the  objective 
function.  If  the  value  increases  keep  that  arrangement; 
if  it  decreases  then  reverse  the  switch.  Keep  switching 
pairs  of  elements  until  it  seems  that  the  value  of  the 
objective  function  will  not  increase. 

Ordered  Score  and  Alternative  Checking  method .  Each  element 
is  switched  in  order  of  its  total  interaction  score  with 
all  other  elements.  The  layout  is  re-evaluated  after 
each  switch  is  made,  until  the  best  layout  for  those 
elements  placed  is  found. 

Single  Sw i tch  me  thod .  This  procedure  is  the  same  as  for 
random  switching,  except  that  the  switch  order  is 
systematic . 

Greatest  Improvement  methods .  All  possible  switches  of  pairs 
of  elements  are  considered  but  only  the  one  resulting  in 
the  greatest  single  improvement  in  the  value  of  the 
objective  function  is  executed.  The  process  continues 
until  no  further  improvements  are  possible. 


Mitchell  (39)  and  Eastman  (21)  each  explain  improvement 
techniques  with  the  analogy  of  climbing  a  hill  at  night  when 


the  summit  os  not  visible.  One  can  take  a  step  in  any 
direction  and,  if  it  results  in  an  upward  movement,  stay 
there  and  take  another  step.  If  not,  one  would  step  back  and 


try  again.  After  many  steps,  a  peak  would  eventually  be 
reached  although  it  may  be  only  a  local  one  and  not  the 
summit.  Alternatively,  one  could  test  every  possible 
direction  with  one  foot  and  only  execute  a  move  to  the 
position  that  one  knows  is  the  highest. 

This  method  would  guarantee  the  most  direct  route  to  a 
peak,  although  that  peak  may  similarly  not  be  the  summit 
(39:443-448).  Both  authors  believe  that  the  ability  of 
improvement  methods  to  achieve  optimality  depends  on  which 
starting  layout  is  chosen,  and  how  many  steps  (or  how  much 
computer  time)  the  designer  is  willing  to  invest. 

The  Dual  Graph  approach  is  also  a  Relat ional -Prox imi ty 
technique,  but  is  more  graphically  and  mathematically  rooted. 
Bubble  diagrams  are  called  dual  graphs.  Whereas  block 
diagrams  are  planar  representations  of  spaces  and  can  be 
dimensionned  shaped  in  a  variety  of  ways,  dual  graphs  are 
non-planar  representations  of  activities  or  processes,  and 
not  spaces.  Both  are  used  to  generate  and  evaluate 
alternative  floor  layouts. 

Relational -Proximity  methods  have  been  criticized  for 
their  over  emphasis  on  two  criteria;  circulation,  and  traffic 
flow  between  spaces.  Grant  criticizes  the  'triviality'  of 
their  application  - 
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They  incorporate  too  little  input,  merely  a  relationship 
matrix  and  traffic  flows,  and  yield  too  much  output:  an 
entire  floor  plan  layout....  They  attempt  to  determine 
building  layout  as  only  one  criterion,  that  is, 
proximity  among  the  designed  elements  and  the 
implication  of  a  given  layout  in  terms  of  the  total  cost 
of  movement  in  a  typical  working  day  (26:8). 

This  criticism  is  true  if  Steps  5  and  6  of  the  SLP  process 

reviewed  earlier  do  not  attempt  to;  1)  incorporate  physical 

and  situational  constraints  in  the  formulation  of  alternative 

feasible  block  diagrams,  and  2)  evaluate  these  alternatives 

with  the  organization's  objectives  clearly  in  focus. 

Another  criticism  is  that,  if  performed  manually  rather 

than  using  one  of  the  many  computer  applications  that  have 

been  developed,  the  physical  arrangement  of  the  bubble  and 

block  diagrams  is  highly  subjective  and  the  selection  of  the 

'best'  alternative  is  a  function  purely  of  the  time  allocated 

by,  and  the  imagination  of,  the  designer.  Even  though 

optimality  will  probably  never  be  reached  using  these 

techniques,  the  computer  will  generate  many  more  alternatives 

and  can  evaluate  them  according  to  programmed  instructions  or 

permit  the  designer  to  do  so  interactively. 

Buffa  and  Armour  were  two  pioneers  in  the  use  of 

computers  in  space  planning.  They  developed  a  program  called 

CRAFT  in  1964  for  evaluating  layouts  for  production 

facilities.  Evaluation  was  based  on  minimizing  the  distances 

that  materials  and  goods  moved  between  areas  during 

production.  In  their  initial  published  documentation  of  the 
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process,  A1 locating  Facil 1  ties  with  CRAFT,  Buffa,  Armour,  and 
Vollmann  wrote: 

Ordinarily,  the  bulk  of  a  manufacturing  company's  assets 
is  tied  up  in  plant  and  equipment.  The  operating 
effectiveness  of  these  facilities  depends  in 
considerable  measure  on  the  effectiveness  of  the  layout. 
A  poorly  conceived  layout  can  result  in  congestion  and 
prohibitive  mater ial -handl ing  costs,  and,  on  the  other 
hand,  an  effective  layout  can  provide  an  environment  for 
efficient  production.  How  can  a  manager  evaluate  the 
effectiveness  of  a  layout  for  a  complex  production 
system?  Is  this  important?  Of  course  it  is,  for  the 
basic  layout  used  sets  the  design  of  the  entire 
production  system  for  some  time  to  come,  and  it  cannot 
be  changed  without  considerable  cost  (8:136). 

The  CRAFT  technique  is  still  used  today  and  has  been  modified 

to  use  other  evaluative  criteria  besides  traffic  flow.  It  is 

reviewed  along  with  other  computer  aided  space  planning 

packages  later  in  this  chapter. 

Overlay  Techniques .  Overlay  techniques  are  used  mainly 

in  facility  siting,  highway  routing,  urban  planning,  and  area 

Master  Planning,  but  is  mentioned  briefly  here  because  of  its 

potential  ability  to  consider  more  than  one  criterion  when 

laying  out  facilities.  Overlay  techniques  have  been 

developed  and  used  over  the  past  20  years  by  McHarg.  In 

Design  with  Nature  (37)  he  outlines  a  model  he  has  applied  to 

regional  planning  and  landscape  design.  The  technician 

superimposes  maps  shaded  to  indicate  value  judgments  by  the 

designer  on  the  suitability  of  various  sites  as  a  facility 

location.  One  map  is  required  for  each  criteria.  The 


heavier  the  shading  of  a  certain  area,  the  more  unacceptable 


it  is  as  a  potential  site.  When  overlaid,  the  darker  the 
spot  the  more  unacceptable. 

This  technique  can  be  used  for  locating  a  particular 
activity  within  a  facility  or  within  an  installation,  but  is 
not  so  readily  applicable  to  designing  a  layout  involving 
locating  many  related  and  unrelated  activities  within  a 
building  envelope.  In  such  a  case  a  map  would  be  required 
for  each  activity  with  respect  to  each  criteria.  With  20 
activities  and  10  criteria,  200  maps  would  be  required. 

McHarg  believes  that  the  technique  permits  the  designer  to 
objectively  ascertain  the  best  location  for  each  activity. 

He  describes  it  as  "a  method  whereby  the  values  [are] 
explicit,  where  the  selection  method  [is]  explicit  -where  any 
man,  assembling  the  same  evidence,  would  come  to  the  same 
conclusions"  (37:35). 

While  computers  can  effectively  discern  shading  levels 
and  apply  weights,  the  human  eye  has  difficulty.  Grant  sees 
many  problems  in  the  manual  application  of  this  "McHarg 
Technique"  (26:67)  - 

Each  added  parameter  map,  with  its  judgmental  shading, 
increases  the  overall  trend  toward  a  uniformly  dark  gray 
or  black  outcome  space,  with  resultant  difficulty  in 
discriminating  the  implied  patterns.  One  result  might 
be  a  hesitancy  to  increase  the  number  of  parameter  maps 
considered  (26:67). 

Also,  because  the  inputs  are  judgmental,  "it  seems  desirable 
to  be  able  to  re-iterate  at  a  low  cost,  with  changed 
judgments,  in  some  cases  many  times"  (25:68).  Unfortunately, 
the  more  parameters  and  the  mere  differing  judgments  by  the 


different  people  participating  in  the  design,  the  more 
expensive  the  process  if  performed  by  hand,  and  the  darker 
and  less  discernable  the  final  product. 

Heuristic  Search  Procedures .  Mitchell  states  that  this 
class  of  methods  "is  characterized  by  solution-generation  in 
a  sequence  of  stages,  with  evaluations  based  on  the  partially 
specified  state  of  the  data  structure  being  made  at  each 
step"  (39:454).  Because  it  is  heavily  reliant  on  exhaustive 
enumeration  of  potential  solutions,  this  type  of  method  is 
best  handled  by  computer. 

Mitchell  gives  a  simple  example  of  a  heuristic  search, 
based  around  several  decision  rules.  He  points  out  that,  in 
most  situations,  there  can  be  many  'reasonable'  decision 
rules,  and  that  the  purpose  of  these  rules  is  to  eliminate 
large  portions  of  possible  activity  allocations. 

The  method  appears  to  be  similar  to  the  Ordered  Score 
and  Nuclear  Growth  methods  detailed  by  Dudnik  and  Krawczyk 
(20)  but  that  a  more  rigorous  set  of  decision  rules  is 
applied  to  satisfy  as  many  adjacency  requirements  as 
possible.  As  with  Relational -Proximity  techniques,  a 
relationship  chart  or  matrix  is  required. 

Mitchell's  example  is  the  creation  of  a  floor  plan 
within  a  25  by  25  square  modular  grid.  The  dimensions  of 
each  module  (grid  square)  is  set  to  the  minimum  common 
denominator  of  all  activity  space  requirements,  say  5  feet 
square  (25  square  feet).  The  decision  rules  are: 


1.  Select  the  space  which  has  the  highest  number  of 
adjacency  relations  with  other  spaces. 

2.  Place  the  first  module  in  the  center  of  the  grid. 

3.  For  placement  of  subsequent  modules  for  this  activity; 

a.  List  all  empty  grid  locations  which  are  directly 
adjacent  to  located  modules. 

b.  If  there  is  only  one  location,  select  it,  else 

c.  For  each  such  empty  grid  location,  count  the  number 
(between  1  and  8)  of  adjacent  located  modules. 

d.  Select  the  grid  location  with  the  highest  number. 

e.  If  there  is  a  tie  for  selection,  break,  it 
arbitrarily . 

4.  To  select  subsequent  activities  for  placement,  select  the 
unlocated  activity  having  the  highest  total  number  of 
adjacency  relations  with  activities  that  have  already 
been  located. 

5.  To  'grow'  these  subsequent  activity  spaces,  a  variation 
of  Rule  3  might  be  used; 

a.  List  all  empty  grid  locations  which  are  directly 
adjacent  to  located  modules. 

b.  If  there  is  only  one  location,  select  it,  else 

c.  For  each  remaining  potential  location,  count  the 
number  (between  1  and  8)  of  adjacent  located  modules 
o f  the  current  activity,  and  eliminate  all  locations 
which  have  a  lower  number  of  adjacencies  than  the 
maximum  which  occurs. 

d.  If  there  is  now  only  one  location,  select  it,  else 

e.  For  each  remaining  potential  location,  count  the 
number  (between  1  and  8)  of  adjacent  located  modules 
of  any  other  activities  ad j acencv -related  to  the 
current  activity,  and  eliminate  all  locations  which 
have  a  lower  number  of  adjacencies  than  the  maximum 
which  occurs. 

f.  If  there  is  only  one  location,  select  it,  else  make 
an  arbitrary  selection  (39:459-460). 

This  method,  says  Mitchell, 

grows  spaces  which  fairly  closely  approximate  a  square 
in  shape,  and  which  are  located  so  as  to  simultaneously 
satisfy  as  many  adjacency  requirements  as 
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poss ible ....  Numerous  floor  plan  layout  programs  which 
employ  plausible  selection  rules  of  this  type  to  locate 
modules  within  a  square  grid  have  been  developed.  The 
best  of  them  are  computational y  very  efficient,  capable 
of  locating  thousands  of  modules  in  a  few  seconds,  and 
produce  results  of  excellent  quality  (39:460). 

As  with  SLP,  the  relationship  matrix  need  not  be  based  solely 

on  c irculat ion/ tra f f ic  flow  between  spaces,  but  on  a  wide 
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range  of  criteria,  both  quantitative  and  qualitative. 

Assignment  Techniques .  The  common  thread  in  this  class 
of  methods  is  the  use  os  mathematical  techniques  to  optimize 
the  space  allocation,  by  maximizing  or  minimizing  some 
objective  function  rather  than  merely  reporting  its  value. 
Three  methods  will  be  reviewed  -  quadratic  assignment,  linear 
and  non-linear  programming  problem  formulation,  and 
analytical  (or  algebraic)  procedures. 

Quadratic  Ass ignment .  This  type  of  problem 
formulation  was  first  done  in  1957.  The  purpose  is  to  assign 
a  set  of  activities  with  known  space  requirements  to  a  set  of 
possible  locations,  in  such  a  way  that  the  following 
objective  function  is  minimized: 


n  n 

Total  Circulation  Cost  =  Z  S  Gij  Cij  (1) 

i=l  j=l 


where 

n  =  the  number  of  activities  to  be  assigned 
Gtj  =  a  measure  of  distance  between  pairs  of  located 
activities  i  and  j 

C ^ j  =  a  measure  of  circulation  cost  per  unit  distance 
oetween  i  and  j 


The  set  of  locations  is  usually  taken  as  the  set  of  modules 

(or  cells)  in  a  square  grid.  The  individual  cells  can  be  any 

shape  or  size  desired.  "The  floor  plan  layout  is  represented 

as  a  problem  of  assigning  integers  to  locations  in  a  two 

dimensional  array"  (39:426).  Values  for  C—  and  must  be 

input  by  the  designer.  An  arbitrarily  high  interaction  value 

between  modules  of  the  same  activity  can  be  given  to  prevent 

activity  spaces  being  'split'.  Mitchell  explains: 

If  the  circulation  data  is  in  terms  of  numbers  of  trips 
per  week  [or  day],  the  objective  minimized  is  total 
distance  traveled  by  building  users.  If  values  are 
given  in  terms  of  travel  time  or  cost  per  unit  distance, 
then  either  time  spent  in  circulation  or  the  total  cost 
of  that  time  respectively  is  minimized  (39:427). 

The  problem  can  be  modified  to  preset  locations  for  some 

activities.  If  cost  is  to  minimized  then  a  fixed  cost  (say 

Fij)  would  be  associated  with  each  such  module  i,  preset  to 

location  j  .  An  example  of  this  would  be  to  "reflect  a 

preference  of  high  status  employees  for  corner  locations  in 

an  office  floor  layout"  (39:427)  or  for  such  spaces  as 

entrance  halls,  loading  bays,  and  plant  rooms  to  be  located 

on  an  external  wall,  at  ground  level,  for  external  access 

purposes.  If  spaces  are  pre-assigned,  they  serve  as  the 

starting  point,  or  nucleus  for  the  assignment  process. 

This  method  is  efficiently  handled  by  computers  and  is 

similar  in  principle  to  the  Nuclear  Growth  method.  Mitchell 

cautions  its  use,  saying  that  it  is  "appropriate  only  in 

situations  where  circulation  efficiency  or  some  directly 

analogous  objective  is  regarded  as  the  primary  determinant  of 
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the  plan"  (39:428).  Other  limitations  are  that: 


1.  It  takes  no  account  of  shape  constraints  on  spaces. 

2.  It  does  not  recognize  any  difference  between  circulation 
space  and  other  types  of  space,  and  may  produce  splitting 
of  activity  spaces  in  the  plan. 

3.  The  collection  of  necessary  circulation  and  cost  data  may 
be  difficult  and  expensive,  if  not  impossible.  For  this 
reason,  experience  and  professional  judgment  is  commonly 
used  in  place  of  actual  circulation  and  cost  data 

( 39:428) . 

4.  There  is  no  known  solution  procedure  for  this  type  of 
problem,  "nor  is  there  a  direct  way  of  computing  the 
optimum  value  of  the  objective.  Enumeration  and  search 
procedures  of  various  kinds  must  be  employed"  (39:429). 

Linear  Programming .  Standard  linear  programming  is 
applicable  when  the  objective  function  and  space  dimension 
constraints  can  be  formulated  in  linear  form.  Mitchell  says: 

Typical  linear  objectives  are  maximization  or 
minimization  of  overall  plan  length,  width,  perimeter, 
or  proportion  ratio.  Typical  linear  constraints  are 
upper  and  lower  bounds  on  allowable  lengths,  widths, 
perimeters,  and  proportion  ratios  of  individual  rooms 

and  of  the  overall  envelope .  An  immediate  obvious 

limitation  of  the  linear  programming  approach  is  that 
area  constraints  are  non-linear,  and  thus  cannot  be 
incorporated...  (39:470). 

Also,  properties  such  as  construction  costs  and  heat  loss  are 
functions  of  area  and  cannot  be  included  as  constraints  or 
objectives.  However,  by  setting  one  dimension  for  each 
space,  and  setting  an  allowable  range  for  each  area  (min, 
max),  the  optimum  value  for  each  other  room  dimension,  and 
hence  the  optimum  area,  can  be  determined.  The  limitation 
here  is  that  area  adjacency  relationships  cannot  be  used  to 
determine  the  best  arrangement  of  spaces.  A  rough  block 
diagram  must  be  obtained  prior  to  this  application. 


Mitchell  cites  an  example  where  linear  programming  is 


particularly  applicable.  For  the  layout  of  a  trailer  or  a 
building  with  severe  site  restrictions,  where  the  total  width 
of  the  facility  is  preset,  linear  programming  can  efficiently 
optimize  the  length  of  each  room  and  overall  length  of  the 
facility,  given  suitable  area  ranges  for  each  room  and  pre¬ 
set  room  widths  as  follows: 


*  a 

Room 

Minimum  Area 
(square  feet) 

Maximum  Area 
(square  feet) 

r# 

1 

Bath  1 

75 . 0 

80  .  0 

fv: 

»  * 

\ 

2 

Bedroom  2 

160 . 0 

180.0 

\V. 

>  ■  .  * 

3 

Utility 

50 . 0 

80  .  0 

& 

4 

Kitchen 

150 . 0 

200  .  0 

w 

5 

Dining 

100 . 0 

125 . 0 

1  ■*  "  « 

-  _  * 

>  ,  *  , 

6 

.  Bedroom  1 

180 . 0 

200  .  0 

>  M.  f  A 

7 

.  Hall 

- 

60 . 0 

8 

Living 

180.0 

200 . 0 

L*v; 

9 

Bath  2 

60  .  0 

80 . 0 

L** 

WV 

• 

10 

Family  room 

100  .  0 

125.0 

Circulation  space  such  as  hallways  must  also  be  input  as 
activities  and  given  similar  area  and  dimension  constraints 
Room  lengths  are  input  to  the  objective  function  and 
constraints  as  variables  a  to  g.  These  variables  are 
represented  in  Figure  7.  The  objective  function  and 
constraints  are  as  follows: 
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-  •  •/-  Vv'.  •  -  .  ■r.v.v„'.v •*- ‘ 


Minimize  (a  —  b 

-c^d  -re+f  +  g) 

subject  to: 

g  10-42 

j3s6*25 

(a  +  3)2=  13-0 

j^6-67 

(a  -r  b)  ^  I  <5  *  67 

(3  r)  2=  1 3  •  3  3 

(c-J  +  e)^20-0 

(b  -r  c)  =£  1 3  •  0 

15-0 

17 

(f~g)  ^  16-67 

d^6-6~ 

c  ^  6  •  67 

(e+f)  &  12-3 

c  ^  8  •  89 

(e  -!-/)  ^  1 6  *  67 

(d  +  e)^  l  I  -  l  1 

**8-33 

(d  +  e)^  13-89 

The  initial  block  diagram  and  final  plan  showing  optimal 
dimension,  for  Mitchell's  trailer  example,  are  shown  at 
Figure  7. 

Non-Linear  Programming .  Non-linear  programming 
overcomes  some  of  the  limitations  of  linear  programming,  and 
"has  been  used  in  conjunction  with  dimensionless 
representations  of  floor  plans  to  generate  optimum 
dimensioned  layouts  with  respect  to  some  cost  criterion  and 
subject  to  certain  functional  constraints"  (39:468).  A  block 
diagram  showing  the  required  space  arrangement  is  necessary, 
as  well  as  maximum  and  minimum  room  lengths,  widths,  and 
areas,  and  a  maximum  proportion  ratio  for  each  room  if 
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Figure  7.  Application  of  Linear  Programming  to  Floorplan 

Layout.  (a)  Initial  Dimensionless  Block.  Plan  for 
a  24  ft  Wide  Trailer  with  Short  Side  Dimensions 
Fixed,  (b)  Final  Optimum  Dimensionned  Layout  Using 
Linear  Programming  (39) 


desirable.  This  type  of  problem  can  handle  area  constraints. 
The  objective  function  could  be  to  minimize  costs,  as 
follows: 


Minimize 


n 

E 


a ,  c  < 


(2) 


n 


=  the  number  of  rooms  or  activities  to  be  fit  into 
the  facility, 

a.  =  the  total  floor  area  of  room  or  activity  i,  and 
ci  =  the  construction  cost  per  square  foot  for  room  i. 


Simple  problems,  such  as  the  one  following,  could  be  solved 
by  hand.  The  objective  function  and  constraints  are  not 
stated  but  can  be  deduced  from  the  table.  The  primary 
difference  between  this  and  the  previous  linear  programming 
example  is  that  no  room  dimensions  are  fixed.  Hand  solution 
of  even  this  relatively  simple  problem  is  tedious  and  time 
consuming  and  there  are  many  low  cost  computer  packages 
available  which  make  this  unnecessary.  Figure  8  shows  the 


Room 


Mini-  Maxi-  Mini-  Maxi-  Mini-  Maxi-  Maximum 

mum  mum  mum  mum  mum  mum  proportion 

length  length  width  width  area  area  ratio 

(ft)  (ft)  (ft)  (ft)  (ft-)  (ft-) 


1  living  room 

8 

0 

20 

•o 

8 

•o 

o 

1 

•o 

150 

0 

500 

•o 

1-5:1 

2  kitchen 

6 

0 

18 

•o 

6 

•o 

'8 

•o 

50 

•o 

120 

•o 

5  bathroom 

S 

8 

5 

5 

8 

5 

8 

5 

-4  hall 

0 

15 

•o 

5 

5 

6 

•o 

0 

**  “> 

0 

5  bedroom  1 

o 

0 

20- 

0 

o- 

0 

20- 

0 

!()()• 

0 

!  80 

0 

:  •  5 ; : 

6  bedroom  2 

8 

0 

1 8 

0 

8' 

0 

!  8 

0 

100 

0 

180 

l) 

I  •  5  •  : 

bedroom  2 

!()■ 

0 

\7- 

0 

:o- 

0 

:  7 

0 

:oo- 

0 
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9.0  1 

Bath  Bad  1 


Bath  I  8ad  1 


Kitch.  I  Bed  31 


Area  *  612.5  sq.  ft. 

(c) 


Application  of  Non-linear  Programming  to 
Layout,  (a)  Table  of  requirements, 

( b  i  Dimensionless  Representation  of  Layou 
(cl  Optimum  D  imer.s  ionned  Solution.  (U)) 


the  number  of  possible  combinations  of  simultaneous  equations 


becomes  immense  as  the  number  of  rooms  increases.  There  are 
2n  different  sets  of  equations,  where  n  is  the  number  of 
rooms  in  the  plan  (39:472).  For  small  buildings,  it  may  be 
possible  to  list  and  solve  all  sets  by  hand,  but  computer 
programs  have  been  (and  can  be)  developed  to  handle  linear 
and  non-linear  combinations  of  variables. 

Flexibility  in  Layout 

Flexibility  was  defined  in  Chapter  1.  Floorplans, 
according  to  Pulgram  and  Stonis  should  be  designed  to 
incorporate  room  for  growth  -  "Space  planning  efforts  that 
allow  for  growth  ensure  a  floor  plan  that  can  be  expanded, 
contracted,  shifted,  or  changed.  Present  space  allocations 
must  be  able  to  be  tailored  to  future  usage  requirements" 
(47:51).  Efforts  to  maximize  this  level  of  flexibility  have 
only  recently  become  popular  and  effectively  used.  Modular 
construction,  office  landscaping  (or  Bliro  -  Landschaft), 
workstations  and  systems  furniture,  and  modular  partitions, 
have  been  introduced  widely  into  administrative  facilities 
since  about  1960. 

Modular  Construction .  Many  companies  now  specialize  in 
producing  and  assembling  kit  buildings  composed  of  pre¬ 
engineered  building  components.  This  type  of  construction  is 
termed  modular  due  to  its  building  block  approach. 

Facilities  can  be  designed  to  provide  a  range  of  ceiling 
heights,  internal  lighting  levels  and  arrangements,  and  areas 


which  are  multiples  of  a  standard  size  module.  They  are 
utilized  predominantly  as  interim  accommodation  during 
construction  of  new  facilities,  remodelling  of  existing 
facilities,  or  as  overflow  accommodation  for  expanding 
functions  pending  the  provision  of  additional  building  space. 

Foundations  can  be  permanent  or  temporary,  strip  or  pad 
footings.  Power,  water,  sewerage,  and  other  utilities  can  be 
permanently  fixed  or  temporary  junctions.  Internal  walls  can 
be  relocated  to  vary  the  number  and  arrangement  of  internal 
spaces.  Security,  fire,  computer,  and  high  floor  loading 
requirements  can  all  be  met  using  modular  construction. 

Remodelling,  extension,  and  utility  flexibility  are  all 
enhanced,  and  can  be  carried  out  at  lower  cost  due  to  the  use 
of  pre-engineered  floor,  ceiling,  and  wall  panels,  and 
roofing  systems.  Facilities  can  be  relocated  and  components 
re-used  in  different  configurations  to  support  different 
mission  requirements. 

Transportable  cabins  are  a  form  of  modular  building  and, 
if  capable  of  being  mated  together,  can  provide  a  measure  of 
flexibility  in  configuring  emergency  use,  mobile,  and 
deployable  facilities. 

Office  Landscaping .  Otherwise  known  as  Open  Office 
Planning,  or  simply  Open  Planning,  this  concept  of  office 
layout  design  was  developed  in  Hamburg,  West  Germany,  during 
the  early  1960's  by  a  firm  of  office  management  consultants. 
Pile,  in  Open  Office  Planning  (1984),  states  that 


The  dominant  trend  in  office  design  is  toward  more  use 
of  open  planning.  More  than  half  of  the  office  space 
currently  being  planned  and  constructed  is  said  to  be, 
in  some  way  or  other  'open'  although  an  exact  measure  is 
hard  to  establish.  ...  The  open  office  is  clearly  here 
to  stay  and  demands  only  the  best,  the  most  thoughtful, 
and  most  flexible  thinking  to  make  it  maximally  useful 
(46:16-17). 

Mogelescu,  in  Profit  Through  Design: Rx  for  Effective  Office 
Space  Planning,  describes  the  general  principle  of  the 
concept  as  that 

office  planning  should  not  be  based  upon  the  traditional 
organization  chart  of  command  structure,  but  rather  on 
the  groupings  of  personnel  in  open  space  along  the  lines 
of  interpersonal  relationships  and  communications 
(41:103) . 

Friedmann  et  al,  in  Interior  Design:  An  Introduction  to 
Architectural  Interiors,  add  that  all  other  values  such  as 
appearance,  status  recognition,  tradition,  privacy, 
acoustics,  are  either  ignored  or  given  very  minor  status 
(24:187;  46:8).  In  open  planning,  there  are  no  fixed  walls 
and  private  offices,  all  workstations,  furniture,  screens  and 
plants  are  movable  and  are  usually  arranged  to  create 
functional  work  groups  (41:103). 

Mogelescu  says  that  "With  the  elimination  of  fixed  walls 
or  partitions,  a  maximum  degree  of  long  term  flexibility  can 
be  achieved  ...."  (41:103),  but  adds  that  several  technical 
problems  are  produced  as  a  result.  These  include  the 
provision  of  telephones,  power,  lighting,  air  conditioning, 
air  conditioning  and  heating,  and  noise  controls  (41:103). 
These  can  all  be  all  be  solved  to  produce  a  satisfactory  work 


environment . 


benefits  of,  and  objections  to,  open  office  planning. 
Benefits  include: 


1.  Workers  achieve  better  communications  than  in 
conventional  partitioned  offices.  People  can  talk 
directly  to  each  other,  use  visual  signals,  and  pass 
papers  to  one  another. 

2.  Groups  working  together  develop  a  better  sense  of 
teamwork  and  cooperation. 

3.  Managers  can  direct  and  supervise  more  naturally,  as  they 
are  not  isolated  from  the  rest  of  the  team.  "They  will 
be  seen  as  mentors  rather  than  as  task  masters"  (46:13). 

4.  Changes  in  the  arrangement  of  work  stations,  to  react  to 
changing  workflows  and  procedures,  are  relatively  easy  to 
make.  Furniture  and  equipment  can  be  relocated  easily. 

5.  Provided  that  main  utility  runs  are  initially  designed 
for  flexibility  (whether  ducted  in-floor,  or  in-ceiling 
with  drops  to  each  workstation  grouping),  wiring  for 
electrical,  telephone,  and  communications  requirements 
can  be  changed  more  easily  to  fit  changing  work 
arrangements  and  consequent  equipment  relocations. 

6.  Large  open  spaces  are  easier  and  cheaper  to  light,  heat, 
and  cool  than  the  equivalent  area  of  separated  offices. 
Pile  does  not  consider,  however,  that  with  separate 
offices  all  may  not  be  in  use  simultaneously  and  some 
services  could  be  switched  off. 

7.  With  proper  acoustical  floor  and  ceiling  treatment  (and 
possibly  background  music),  the  noise  problem  normally 
associated  with  the  lack  of  individual  privacy  can  be 
avoided.  It  can,  in  fact,  create  a  less  distracting  work 
environment  than  will  total  silence  with  conversations 
leaking  through  walls  and  service  ducts. 

8.  Initial  cost  savings  are  possible  due  to  the  absence  of 
internal  walls  and  doors.  Pile  stresses  that  this  should 
not  be  a  major  criterion  for  using  open  planning. 

9.  Major  changes  can  be  carried  out  overnight  with  little  or 
no  remodelling  costs  and  lost  working  time.  For  areas 
subject  to  frequent  user  and  mission  changes,  savings  in 
time  and  money  in  this  area  can  be  significant. 
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10.  There  may  be  a  saving  in  total  floor  space,  leading  to 
a  saving  in  construction  costs.  However,  in  many  cases 
this  space  would  best  be  constructed  as  a  cushion  for 
future  construction.  In  military  applications,  this  may 
or  may  not  be  justifiable  and  would  depend  on  forecast 
requirements  based  on  possible  future  mission  changes  and 
historical  precedence. 

11.  Friedmann  et  al  assert  that  "given  good  planning  and 
equipment,  users  like  open  offices  better  than  warrens  of 
closed  cubicles,  ...  [leading  to]  improved  morale,  a 
reduction  in  absenteeism  and  worker  turnover,  and  to 
improvement  in  total  office  productivity"  (24:13). 

Objections  to  the  open  planning  concept  include: 

1.  Loss  of  privacy.  There  are  many  situation  which  do  not 
lend  themselves  to  this  type  of  layout,  especially  where 
confidentiality  and  individual  customer  relations  are 
important.  In  any  open  office  there  should  be 
conventional  partitioned  areas  for  such  activities  as 
conferences,  private  interviews,  counselling,  and 
reception  for  clients. 

2.  Noise.  As  mentioned  earlier,  proper  acoustical  treatment 
can  create  a  deadening  or  damping  of  noise  to  acceptable 
background  levels.  If  silence  is  required,  this  type  of 
general  office  planning  is  inadequate. 

3.  Absence  of  status  recognition  that  private  offices 
provide.  This  type  of  objection  has  little  to  do  with 
productivity  or  functionality.  Many  open  plan  offices 
incorporate  strategically  placed  partitioned  offices  for 
some  managers. 

4.  Some  poorly  designed  open  offices  can  be  depersonalizing 
if  workstations  are  arranged  too  symmetrically.  This 
need  not  be  so.  European  open  offices  have  been 
criticized  by  US  architects  and  interior  designers  for 
their  random  appearance,  although  this  would  permit  each 
worker  a  greater  personal  identification  with  his  own 
space . 

Ease  of  communication  is  the  key  principle  of  open 
planning.  This  principle  relates  well  to  relational- 
proximity  space  planning  techniques  such  as  SLP,  which  are 
rooted  deeply  in  activity  interrelationships  and  the  need  for 
adjacency.  Bubble  diagrams  show  activities  arranged  in  their 


most  satisfactory  pattern  according  to  specified  criteria. 

Whereas  block  diagrams  restructure  these  patterns  to  fit  a 

more  regular  building  envelope  with  relatively  straight 

corridors  linking  activities,  open  planning  preserves  these 

'optimal'  bubble  diagram  activity  arrangements  with  minimal 

compromise  for  building  shape  (46:15). 

In  terms  of  saving  space,  Friedmann  et  al  list  as  a 

benefit,  that  "in  an  office  space  without  subdivision  there 

is  a  saving  of  space  resulting  from  the  sharing  of 

circulation  space  that  would  otherwise  have  to  be  duplicated 

in  each  private  space"  (24:189).  Pile  submits  that  a  common 

expectation  among  clients  is  that  this  form  of  office 

planning  will  save  money.  He  says  that, 

if  the  plan  involves  saving  money  by  'compacting'  to 
reduce  floor  area,  a  sense  of  crowding  may  develop  with 
related  acoustical  problems  and  a  resultant  loss  in  the 
hoped-for  flexibility  of  layout  (46:47). 

The  biggest  savings  in  money  are  realized  with  time,  and  are 

reflected  in  reduced  costs  of  cleaning,  making  changes  to 

working  arrangements,  and  in  renovation  work  (46:48). 

AFM  86-2  promotes  the  use  of  open  planning  in  Air  Force 

administrative  facilities,  as  referenced  in  Chapter  1,  for 

reasons  of  layout  flexibility. 

In  terms  of  overall  space  allowances  per  person, 

paragraph  13-2  of  AFM  86-2  provides  definitions  and 

allowances  for  gross  building  area,  net  office  area,  net 

floor  area,  administrative  support  space,  and  special  purpose 

space.  At  paragraph  13-3,  net  floor  area  per  building 


occupant  is  restricted  to  115  SF  minimum  and  130  SF  maximum. 
This  includes  administrative  support  areas  such  as  conference 
rooms,  file  storage,  supplies  storage,  mail  handling,  and 
reproduction.  The  actual  usable  net  office  area  dedicated 
for  each  individual  office  or  workstation  is  restricted  to  80 
SF  minimum  and  90  SF  maximum. 

Paragraph  13-4  of  AFM  86-2  gives  guidance  to  designers 
on  this  issue: 

Project  planners  and  facility  designers  should  make  an 
analysis  of  the  types  and  numbers  of  personnel  to  be 
housed,  and  determine  the  desirable  minimum  net  office 
area  per  person.  This  should  be  followed  by  an  analysis 
of  administrative  support  space  requirements,  taking 
into  account  the  types  of  activities  being  housed  (15). 

However,  it  also  states  that  these  requirements  must  not 

exceed  the  maximum  allowances  quoted  above.  Thus,  while 

promoting  the  open  planning  concept  and  recognizing  its 

inherent  flexibility  and  space-saving  potential,  there  is  no 

policy  to  reduce  space  allowances  to  below  that  for 

conventional  partitioned  offices.  However,  Major  Commands, 

BCEs,  and  individual  designers  may  feel  that  particular 

situations  warrant  restriction  to  the  lower  end  of  the  space 

allowance  range. 

Workstations .  Workstations  are  individual  working 
areas,  and  are  usually  clustered  in  functional  arrangements 
along  lines  of  communications  and  workflow.  Mogelescu  states 
the  results  of  an  unreferenced  survey  of  executives  conducted 
in  the  late  1960's.  In  the  survey. 


The  workstation  concept  was  ranked  high  among  the  ten 
most  significant  post-World  War  II  office  developments, 
largely  because  of  its  importance  in  the  utilization  of 
space  and  the  offsetting  of  spiralling  costs  (41:105). 

Systems  furniture  is  a  recent  term  given  to  describe 

complex  workstation  furniture  designed  to  improve  the 

functionality,  decor,  privacy,  and  flexibility  of 

workstations.  Systems  furniture  is  usually  composed  of  the 

following  interlocking  components  :  movable  screens  or 

panels,  to  offer  some  visual  privacy  for  personnel  when 

seated  and  some  acoustical  damping;  shelving  for  books; 

drawers;  working  surface,  including  space  for  a  computer 

terminal;  and  integral  task  lighting,  electrical  and 

communications  wiring,  and  power  outlets. 

Much  of  today's  systems  furniture  is  modular  with  many 

optional  accessories  and  variations  of  arrangement  to  suit 

individual  preferences  and  workflow  requirements. 

Workstations  utilizing  systems  furniture  can  also  be 

clustered  together  in  many  different  arrangements,  to  suit 

group  activity  needs. 

Pile,  in  Open  Office  Planning,  reviews  13  of  the  several 
hundred  office  furniture  systems  now  in  production  (46:18— 
45).  His  main  observation  on  the  use  of  systems  furniture  is 
that,  for  any  single  facility,  "Dedication  to  a  particular 
system  -  all  of  whose  components  are  fully  interchangeable  - 
furthers  flexibility..."  (46:18).  Pile  presents  12  case 
studies  where  open  planning  has  been  used,  primarily  to  show 
that  there  are  many  ways  of  effectively  using  and  arranging 


systems  furniture,  lighting,  carpeting,  file  storage,  and 
computer  systems  in  an  open  plan  office,  to  maximize  the 
functionality  of  the  space  and  yet  provide  an  attractive, 
enjoyable  working  environment. 

Pile  issues  a  warning  on  the  use  of  privacy  screening  in 
open  planning; 

The  use  of  systems  furniture  has  a  tendency  to  limit  the 
openness  of  open  planning,  replacing  truly  open  areas 
with  clusters  of  screened  units  that  often  seem  to 
approach  the  cubicles  of  a  partitioned  office.  An 
excessive  use  of  screen  enclosures  is  probably  the  most 
common  mistake  in  current  open  planning ... t however ]  Even 
when  you  an  'open'  plan  seems  to  be  drifting  toward 
total  enclosure,  it  still  retains  the  virtues  of  easy 
flexibility,  a  flexibility  that  no  conventionally 
partitioned  office  space  can  approach  (46:16). 

Demountable  Wall  Partitioning .  Floor  plans  for  large 

office  functions  can  be  designed  as  essentially  open  plan 

offices  but  partitioned  into  individual  and  small  group 

offices  using  floor  to  ceiling  wall  partitions  which  either 

fix  or  slide  into  covered  floor  and  ceiling  tracks. 

Flexibility  is  still  enhanced  in  that  a  number  of  redundant 

tracks  are  installed  with  the  initial  construction,  and  the 

users  privacy  and  noise  requirements  can  also  be  satisfied. 

Air  conditioning,  heating,  and  lighting  are  all  either 

in-ceiling  or  in-wall,  electrical  and  communications  wiring 

is  usually  floor  and  external  fixed  wall  ducted.  No 

electrical  or  other  services  are  integral  to  the  demountable 

walls . 

In  such  offices  the  walls  tend  to  be  semi-permanent. 
Removal  and  installation  usually  require  semi-skilled  labor. 


and  creation  of  additional  doorways  requires  skilled 
carpentry . 

For  those  organizations  skeptical  of  the  open  planning 
concept  but  desirous  of  greater  flexibility  and  reduced 
remodelling  disruptions  and  costs,  this  type  of  design  and 
construction  may  be  an  effective  compromise. 

Computers  in  Space  Planning  and  Management. 

For  all  but  the  most  straight  forward  methods  of  space 

planning  reviewed  earlier  in  this  chapter,  computers  are  used 

almost  exclusively  because  of  their  capacity  to  handle  large 

amounts  of  data,  generate  many  alternative  layouts  quickly 

and  at  low  unit  cost.  Programs  utilize  algorithms  or 

heuristic  rules  and  procedures.  The  earlier  discussion  on 

systematic  versus  intuitive  space  planning  methods 

highlighted  the  need  for  objectivity  and  thoroughness  to 

ensure  all  functions,  activity  relationships,  locational 

criteria,  and  space  constraints  are  considered  in  designing 

or  redesigning  a  floor  plan  layout.  Grant  states 

Systematization  of  approaches  to  design  and  planning  has 
been  encouraged  by  the  development  of  the  computer,  and 
the  temptation  to  try  and  develop  computer-assisted 
design  techniques.  The  computer  is  a  harsh  critic  with 
regard  to  detail,  thoroughness,  and  explicit  process 
description;  it  simply  does  not  function  if  these 
characteristics  are  not  satisfied  (26:5). 

In  many  organizations  computers  are  utilized  effectively 


as  drafting  tools  but  not  as  design  tools.  Some 
organizations  which  are  exceptions  to  this,  particularly  in 


space  planning,  are  listed  in  the  review  of  applications  to 
follow. 

The  following  extract  from  an  article  by  Buffa,  Armour, 

and  Vollmann,  entitled  Allocating  Facil ities  with  CRAFT, 

highlights  the  advantages  of  computerized  techniques  in  space 

planning.  CRAFT  does  not  generate  alternatives;  it  only 

evaluates  them.  However,  despite  being  developed  in  1963,  it 

is  still  used  in  conjunction  with  layout  generator  programs. 

Although  directed  at  manufacturing  plant  application,  it  is 

equally  true  of  the  design  of  most  facility-types: 

How  can  management  evaluate  the  effectiveness  of  the 
layouts  which  come  in  from  the  company's  industrial 
engineering  department  or  from  an  outside  engineering 
and  architectural  firm?  Usually,  there  are  only  a  few 
alternate  plant  layouts  for  management  to  study, 
although  the  number  possible  is  staggering.  Of  the  two 
or  three  alternate  layouts,  it  may  be  fairly  obvious 
which  is  the  most  effective.  But  what  of  the  thousands 
of  possibilities  not  presented?  Management  assumes  that 
the  analysts  have  disposed  of  them  in  their  analysis, 
but  have  they?  The  answer  in  the  past  has  been  no, 
because  it  would  have  been  too  expensive  to  attempt  to 
analyze  any  large  fraction  of  the  possible  alternate 
layouts  (8:136). 

Programming  languages  that  enable  designers  to  translate 
building  descriptions  (including  spatial  arrangements)  into  a 
format  capable  of  being  transformed  by  computer,  displayed  in 
visual  form,  and  evaluated  in  terms  of  some  input  criteria, 
have  been  under  development  for  some  25-30  years.  Computer 
hardware  and  software  have  been  developed  to  utilize  these 
capabilities.  Mitchell  (39)  cites  a  study,  by  Hoskins  made 
in  1973,  of  the  requirements  for  the  development  of  such 


systems.  It  concluded  that  the  following  are  required  for 
full  realization  of  the  benefits  of  such  a  system: 

1.  A  manageable  database  of  components  whose  performance 
standards  are  known  and  assembly  conditions  pre-defined, 
and  a  database  structure  for  ease  of  accessing  and 
storage; 

2.  Design  rules  for  locating  components; 

3.  Design  rules  for  arranging  spaces; 

4.  Activity  data  for  specification  of  spaces,  fittings,  and 
finishings;  and 

5.  Establishment  of  criteria  for  evaluation  and 
optimization. 

There  exist  today  many  programs  that  handle  such  data 
and  act  as  effective  design  tools.  Some  of  these  have  been 
reviewed  and  are  presented  in  Appendix  E.  Some  are  systems 
developed  by  organizations  for  their  specific  use,  some  by 
academic  researchers,  and  others  for  commercial  purposes. 
Only  those  which  available  literature  indicates  incorporate 
automated  space  planning,  evaluation,  or  space  management 
packages,  are  included. 
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Chapter  Overview 

This  chapter  describes  the  methodology  used  to 
investigate  the  research  objectives  stated  in  Chapter  I.  It 
describes  the  development  of  the  instruments  by  which  data  on 
AFCE  practices  and  perceptions  was  obtained,  and  how  this 
data  was  analyzed  to  answer  the  research  objectives. 

General  Method 

Data  was  obtained  from  HQ  USAF,  MAJCOM,  and  BCE 
personnel,  and  from  a  review  of  literature.  Three  different 
means  of  collecting  data  from  personnel  were  used.  First,  HQ 
USAF  experts  in  Base  Comprehensive  Planning  and  Real  Property 
Accounting  were  interviewed.  Second,  MAJCOMs  were  sent  a 
letter  requesting  details  of  space  planning  and  management 
policies  for  bases  under  their  control.  Finally,  BCE  Real 
Property  and  Design  chiefs  were  surveyed  for  actual  space 
planning  and  space  management  practices  used  at  base  level 
and  for  their  perceptions  on  various  related  issues. 

Justification  of  Approach 

Interviews .  HQ  USAF/LEEVX  BCP  expert,  Mr  Phil  Clark, 
and  HQ  USAF/LEERV  Real  Property  leaders,  Mr  Dick  Jonkers  and 
Mr  Bill  Edwards,  were  interviewed  in  person  for  the  following 
purposes : 

96 


1.  to  provide  initial  guidance  for  this  research, 
assist  in  the  refinement  of  its  scope,  and  to  provide  sources 
for  the  review  of  literature; 

2.  to  gain  an  overall  appreciation  of  the  USAF's 
design,  planning,  and  real  property  policies  dealing  with 
facility  space  management  issues; 

3.  to  produce  a  list  of  planning  criteria  seen  as 
important  considerations  when  designing  and  managing  building 
space ; 

4.  to  obtain  background  material  on  factors  that 
constrain  AFCE  personnel  from  achieving  high  facility 
utilization;  and 

5.  to  construct  a  measure  for  assessing  the 
effectiveness  of  methods  used  by  base  personnel  to  manage  the 
use  of  facility  space. 

Being  a  foreign  Officer,  the  author  was  unfamiliar  with 
AFCE  Design  and  Real  Property  regulations,  policies,  and 
procedures.  The  interviews  provided  a  good  perspective  of 
the  AFCE  organiza t ion .  Data  produced  from  these  interviews 
and  follow  up  conversations  were  qualitative  only  and  were 
not  analyzed  statistically. 

Letter  to  MAJCOMS .  A  letter  was  sent  to  all  MAJCOM/DEs 
to  determine  their  policies  on  space  usage  issues  other  than 
that  found  in  AFRs  and  AFMs.  The  letter  also  aimed  to 
determine  if  MAJCOMS  monitored  the  utilization  of  space  on 
bases  as  directed  by  AFRs,  and  how  they  were  able  to  assess 


whether  a  base  was  utilizing  its  available  facilities  as  well 
as  it  could.  A  copy  of  the  letter  is  in  Appendix  F. 

Their  perceptions  of  how  base  personnel  designed 
facilities  and  managed  existing  space  were  also  canvassed, 
for  comparison  with  actual  practices  learned  from  the  BCE 
survey . 

Survey  Questionnaire .  Civil  Engineering  personnel  at 
Air  Force  bases  provided  data  on  actual  space  management 
practices  and  perceptions  via  a  mail  survey.  No  similar 
study  has  previously  been  made,  thus  no  database  existed.  A 
copy  of  the  questionnaire  used  is  in  Appendix  G. 

The  advantages  and  disadvantages  of  conducting  surveys 
are  acknowledged.  Dominowski,  in  his  book  Research  Methods, 
states  that  "the  survey  method  draws  the  researcher's 
attention  to  the  use  of  getting  a  representative  sample  of 
subjects"  (19:186).  He  also  states  that,  because  they  rely 
on  reports  of  behavior  rather  than  observations  of  behavior, 
surveys  can  cause  bias  in  the  information  obtained  (19:186- 
187).  He  adds,  however,  that  this  bias  can  be  reduced  by 
increasing  the  degree  of  anonymity  felt  by  the  respondent 
(19:184).  Stone,  in  Research  Methods  in  Organizational 
Behavior .  agrees  with  Dominowski  that  an  uncoded  mail  survey 
produces  the  maximum  anonymity  (56:69;  19:185). 

Dominowski  states  that  "surveys  can  be  used  simply  to 
estimate  population  characteristics  or  to  study  relations 
between  variables"  (19:185).  This  survey  did  both. 
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Fowler,  m  his  book.  Survey  Research  Methods,  favors  the 


personnel  survey  method.  Among  this  method's  many 


advantages,  he  lists  its  effectiveness  in  gaining  the 


cooperation  of  respondents  and  the  ability  of  the  interviewer 


to  probe  for  deeper,  more  succinct  answers  to  complex 


questions  (22:70).  However,  the  time  and  expense  required  to 


set  up  and  conduct  such  series  of  interviews  would  have 


exceeded  that  available. 


Fowler  lists  as  some  of  the  advantages  of  the  telephone 


interview,  the  potential  for  a  much  shorter  data  collection 


period  than  either  the  personal  or  mail  survey  method,  a 


better  likely  response  rate  than  for  a  mail  survey,  and  low 


costs  (especially  where  an  organizational  telephone  network 


such  as  AUTOVON  is  available).  The  main  disadvantage  is  seen 


as  the  limitation  on  the  range  of  response  alternatives  that 


can  be  offered  over  the  telephone  (22:71). 


The  mail  survey  method  was  chosen  rather  than  telephone 


or  personal  interview  for  three  reasons:  first,  the  writer 


has  insufficient  time  to  visit  each  MAJCOM  and  base;  second. 


to  avoid  the  risk  of  being  misunderstood  by  respondents 


during  telephone  conversations;  and  third,  to  permit  the 


respondents  to  answer  structured,  subjective  questions 


freely,  honestly,  and  thoughtfully,  with  a  maximum  of 


anonymity  and  the  flexibility  to  look  up  records  and  consult 


with  others  if  required  (22:71) 
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MAJCOMS .  Due  to  the  small  number  of  MAJCOMS,  all  were 
sent  the  identical  letter.  This  constituted  a  census  of 
Command  policies  for  regulating  base  procedures  and  Command 
procedures  for  monitoring  base  efforts. 

Mail  Survey .  The  author  chose  to  survey  Chiefs  of 
Design  (DEEE)  and  Chiefs  of  Real  Property  (DEER)  at 
Continental  United  States  (CONUS)  Air  Force  BCE 
organizations.  As  many  of  the  survey  questions  required 
factual  responses  it  was  felt  that  only  one  response  was 
required  from  each  of  the  two  sections  of  each  organization. 
For  example,  the  methods  and  procedures  of  architectural 
design  and  space  management  used  by  BCE  staff  should  be  known 
by  these  section  chiefs.  'Also,  it  was  felt  that  these 
individuals  would  probably  be,  as  a  group,  more  concerned 
with  improving  their  organization's  effectiveness  in  facility 
utilization  than  their  staff,  and  so  their  perceptions  would 
be  o  f  most  value . 

A  list  of  the  82  CONUS  Base  Civil  Engineering  squadrons 
was  obtained  and  a  separate  questionnaire  was  sent  to  each  of 
the  two  office  bearers,  giving  a  survey  population  of  164. 

For  such  a  small  population,  a  census  was  chosen.  It  was 
assumed  that  most  of  the  population  would  be  civilian, 
although  confirmation  of  this  was  neither  sought  by,  nor 
considered  relevant  to,  the  study.  Although  the  names  of 
respondents  were  not  requested,  the  questionnaires  were  coded 


by  hand  prior  to  distribution  to  allow  the  author  to  identify 
the  base  and  office  for  each  response. 

Data  Collection 

The  MAJCOM  letter  sought  open-ended  responses  only.  The 
mail  survey  questionnaire  was  sent  to  the  Personnel  Survey 
Branch,  Air  Force  Manpower  and  Personnel  Center  (AFMPC)  on  24 
April  1987  for  approval.  The  approved  questionnaire  was 
given  USAF  survey  control  number  87-61,  expiring  1  August 
1987.  The  questionnaires  were  mailed,  one  to  each  Chief  of 
Real  Property  and  Chief  of  Design,  on  2  June  1987.  From  the 
pre -d is tr ibut ion  codings,  responses  were  identified  as  being 
either  from  a  Chief  of  Design  or  from  a  Chief  of  Real 
Property.  Throughout  the  entire  questionnaire  both  groups, 
or  sub-populations,  were  asked  to  respond  to  the  same 
questions  whether  they  referred  to  space  planning  or  space 
management  issues. 

The  survey  questionnaire  was  constructed  in  eight  parts 
and  sought  to  provide  a  mixture  of  quantitative  and 
perceptual  data.  The  first  seven  parts  were  directly  related 
to  the  research  objectives,  while  Part  8  focused  on  the 
background  of  the  respondent.  Most  questions  in  Parts  1  to  7 
provided  a  statement  which  called  for  a  judgment  or  opinion. 
These  questions  requested  responses  on  a  Likert  scale,  from 
'strongly  disagree’  to  'strongly  agree,’  as  shown  below. 


Means  you  strongly  disagree  with  the  statement. 
Means  you  moderately  disagree  with  the  statement 
Means  you  slightly  disagree  with  the  statement. 
Means  you  neither  agree  nor  disagree  with  the 
statement . 

Means  you  slightly  agree  with  the  statement. 
Means  you  moderately  agree  with  the  statement. 
Means  you  strongly  agree  with  the  statement. 


A  second  type  of  question  asked  respondents  to  make  a 
selection  from  a  list  of  independent  and  unordered  responses 
such  as  procedures,  design  tools,  and  data  sources.  A  third 
type  of  question  provided  a  list  of  ordered,  quantitative 
responses.  Both  of  these  types  of  questions  required  factual 
answers  rather  than  perceptual. 

A  definition  of  each  of  the  four  levels  of  data  commonly 
generated  by  surveys  is  provided  below: 

Nominal  -  people,  organizations,  events,  are  sorted  into 
unordered  categories  with  respect  to  a  particular 
attribute  or  variable. 

Ordinal  -  people,  organizations,  events,  are  ordered  or 

placed  in  ordered  categories  along  a  single  dimension 
with  respect  to  a  particular  attribute  or  variable. 

Interval  -  numbers  are  attached  that  provide  meaningful 

information  about  the  distance  between  ordered  stimuli 
or  classes. 

Ratio  -  numbers  are  assigned  that  have  absolute  meaning,  such 
as  a  count  or  measurement  by  an  objective,  physical 
scale  such  as  distance,  weight,  or  pressure  (22:85). 

In  Parts  1  to  7,  the  agree-disagree  questions  produced 

interval  level  data,  the  second  type  generated  nominal  level 

data,  and  the  third  type  generated  ratio  level  data  (actual 

square  feet  of  area),  althougn  the  data  from  these  questions 

was  treated  only  as  ordinal  in  the  analysis. 


Sonquist  and  Dunkelberg,  in  their  book.  Survey  and 
Opinion  Research,  state  that  the  assumptions  of  the  Likert 
model  "lead  to  a  linear  combination  of  items  (eg.  their  sum 
or  average)  and  so  to  an  interval  scale,  rather  than  one  with 
merely  ordinal  properties"  (51:263).  They  also  generalize  on 
the  adaptability  of  the  Likert  model  to  different  research 
requirements  - 

With  enough  items,  Likert  scales  can  apparently  be  made 
highly  reliable,  they  are  relatively  easy  to  construct, 
and  they  can  easily  be  adapted  to  many  different  types 
of  measurement  situations  (51:265). 

They  outline  various  methods  for  constructing  surveys 
having  questions  with  different  ranges  of  possible  responses 
and  subsequently  normalizing  them  to  a  common  range. 

Fowler  recognizes  the  prevalence  of  agree -d isagree 
questions  in  survey  research  today  and  notes  two  main 
potential  limits.  First,  "The  statement,  in  order  to  be 
interpretable,  must  be  located  at  the  end  of  a  continuum" 
(22:89),  meaning  that  statements  which  describe  a  potential 
judgment  or  opinion  that  is  non-committal  should  be  avoided 
as  they  will  provide  unreliable  responses. 

Data  Analysis 

Letter  responses  to  the  MAJCOM  letter  were  received  and 
comments  to  the  various  questions  posed  were  tabulated  on 
word  processor  and  compared  by  hand. 


Survey  responses  were  analyzed  using  the  AFIT  ASC 
computer  system,  comprising  a  VAX  11/785  running  the  UNIX 


operating  system. 


The  Statistical  Package  for  the  Social 


Sciences  (SPSS)  was  utilized  to  perform  a  variety  of 
statistical  analyses  and  tests.  All  summary  sample 
statistics  and  results  of  analyses  and  tests  made  using  the 
following  SPSS  procedures  are  presented  in  Chapter  IV  with  a 
discussion  of  their  significance. 

Research  Steps  for  Each  Research  Ob j ect i ve 

Each  objective  is  restated  below,  followed  by  the  means 
of  researching  it,  those  sections  of  the  survey  questionnaire 
which  provided  data  for  analysis,  the  statistical  methods  of 
analysis  used,  and  the  SPSS  procedures  used.  Only  brief 
explanations  of  statistical  principles  are  given. 

Research  Objective  1_. 

Determine  what  methods  are  currently  being  used  by 
facility  designers  and  planners  in  AFCE,  RAAF,  and 
civilian  organizations,  to  design  efficient  building 
layouts  and  to  manage  a  facility's  space  throughout  its 
design  life. 

Methods  of  space  planning  and  management  used  by  RAAF 
and  US  civilian  organizations  were  researched  and  reported  in 
Chapter  II.  Chapter  II  researched  all  available  methods, 
including  techniques  and  programs,  whether  they  are  used 
widely  in  practice  or  not. 

A  sample  of  the  space  inventory  exercises  that  have  been 
conducted  by  A-E  firms  as  part  of  USAF  Base  Comprehensive 
Planning  contracts  and  a  summary  of  the  capabilities  of  WIMS 
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in  the  area  of  real  property  space  accounting  were  also 
presented  in  Chapter  II.  A  previous  study  by  Mitnik  (40) 
identified  the  amount  of  time  spent  by  AFCE  architects  in 
conceptual  layout  planning  and  space  allocation  in  relation 
to  their  other  activities.  It  also  identified  the  degree  of 
Computer  Aided  Design  (CAD)  practiced  in  these  tasks.  Some 
of  his  data  and  conclusions  are  reported. 

The  letter  to  MAJCOMs  requested  more  specific  data  on 
methods  of  space  planning  and  management  used  by  BCE 
personnel,  including  the  extent  of  use  of  computers  for  these 
purposes.  MAJCOM  responses  to  the  questions  asked  are 
reported  and  are  subjectively  compared  to  the  survey 
questionnaire  responses  in  order  to  assess  whether  specific 
methods  are  recognized  and  promoted  throughout  the  USAF. 

Part  1  of  the  survey  questionnaire  contained  13 
questions.  Of  these,  questions  3,  6,  9,  11,  12,  and  13  were 
directed  at  determining  the  methods  that  are  actually 
practiced  in  AFCE. 

Questions  1,  2,  4,  and  5  sought  perceptions  of  the 
adequacy  of  AFRs  and  AFMs  in  providing  guidance  to  BCE 
personnel  but  the  responses  to  these  questions  were  not  used 
in  the  data  analysis  as  they  could  not  be  related  directly  to 
any  of  the  research  objectives.  In  later  sections  Questions 
33  and  37  were  also  related  to  space  management  methods. 

Question  3  referred  to  the  level  of  intuition  used  by 
respondents  when  designing  a  new  floorplan  layout  or 
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redesigning  the  layout  of  an  existing  facility.  It  was 
assumed  that  both  groups  are  involved  to  some  extent  in 
layout  activities  in  the  course  of  their  duties.  In  order  to 
determine  if  intuition  is  used  more  in  space  planning  by  real 
property  personnel  than  by  designers,  an  independent  samples 
t-test  was  carried. 

The  purpose  of  this  test  is  to  see  if  the  true  group  or 
sub-population  means  are  significantly  different 
statistically  (52:267).  Without  a  100  percent  response  rate 
true  population  mean  responses  to  individual  questions  cannot 
be  obtained.  The  independent  samples  t-test  compares  the 
means  of  the  two  samples  and  allows  the  researcher  to  make  a 
statistical  inference  as  to  the  equality  of  the  two  true 
group  means,  according  to  the  level  of  significance  chosen  by 
the  researcher.  A  hypothesis  can  be  made  as  follows: 


W1  =  U2 


where 


H  :  jjl  t  ti¬ 


the  hypothesis  that  the  true  mean  of  group  1 
(ie.  jij)  is  equal  to  the  true  mean  for  group  2  (  u2  ) 
the  alternate  hypothesis  that  the  two  true  group 
means  are  not  equal 


The  sample  means  and  variances  and  the  t-statistic  are 
computed.  The  probability  p  that  the  true  difference  in  the 
means  will  be  higher  than  the  absolute  value  of  the 
t-statistic  or  lower  than  its  negative  value  is  computed.  If 
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this  probability  is  lower  than  the  level  of  significance  « 
chosen,  then  the  hypothesis  Hq  is  rejected  in  favor  of  Ha. 

The  level  of  significance  is  defined  as  the  least  value 

of  p  that  is  accepted  as  reasonably  being  caused  by  chance  or 

sample  variability  and  thus  for  which  HQ  is  accepted  (44:268; 

18:102-104).  It  can  be  thought  of  as  the  probability  of 

making  a  Type  I  error,  that  is,  rejecting  Hq  when  it  is  true. 

A  level  of  significance  of  0.1  was  chosen  for  all  statistical 

tests  conducted  in  the  course  of  this  research,  and  all  were 

tests  of  means.  As  the  data  analyzed  dealt  mainly  with  broad 

methods  used  by,  and  perceptions  of,  the  population,  it  was 

not  considered  essential  to  ensure  a  lower  probability  of 

making  a  Type  I  error.  If  p  is  greater  than  a  (ie.  if  p>a  ) 

this  does  not  mean  that  H  is  true,  but  that  there  is 

o 

insufficient  evidence  to  reject  it.  If  p  is  less  than  «  ( ie 

if  p<ot  )  then  there  is  sufficient  evidence  to  reject  HQ  in 
favor  of  H  .  This  procedure  is  known  as  a  two-sided  t-test. 

Alternatively,  the  hypothesis  may  be  one-sided.  That 
is,  the  alternate  hypothesis  can  be  that  the  true  mean  of  one 
group's  responses  is  either  lower  or  higher  than  the  true 
mean  of  the  other  group.  An  example  is: 

Ho  :  H  =  w2 

and  Ha  :  ^  <  y2 
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In  this  case,  Hq  is  rejected  if  p  is  less  than  a/2  (ie.  if 


p<  a/2)  as  we  are  interested  in  only  one  side  of  the 


probability  distribution. 


The  SPSS  procedure  T-TEST  was  used  to  conduct 


independent  sample  t-tests  of  the  mean  responses  of  the  two 


groups  to  questions  3,  6,  and  9.  The  hypotheses  tested  for 


questions  3  and  6  were: 


Ul  =  U2 


ux  <  u2 


where 


=  the  true  mean  of  responses  from  Design  Chiefs 
U9  =  the  true  mean  of  responses  from  Real  Property 
Chiefs 


The  alternate  hypotheses  H  state:  1)  for  question  3,  that 

3 


Design  personnel  rely  less  on  intuition  than  do  Real  Property 


personnel  when  laying  out  floor  plans  for  either  new  or 


existing  facilities,  and  2)  for  question  6,  that  Design 


personnel  perceive  Real  Property  personnel  as  having  less 


responsibility  for  the  redesign  of  existing  facility  layouts 


than  is  perceived  by  real  property  personnel  themselves 


The  hypothesis  tested  for  question  9  was: 


Ui  = 

UL  >  ^ 


where  and  u2  are  defined  above. 


.A  h  V  *  •  *  >  * 


IS 


that  Design 


In  this  case  the  alternate  hypothesis  H 
Chiefs  perceive  that  arch i tectural  design  expertise  is  more 
readily  provided  to  redesign  layouts  in  existing  facilities 
than  is  perceived  by  Real  Property  Chiefs. 

The  SPSS  procedure  FREQUENCIES  was  used  to  calculate 
response  frequency  distributions  and  sample  statistics  such 
as  the  mean,  median,  mode,  and  standard  deviation  for 
responses  to  all  questions.  Questions  12  and  13  sought  to 
establish  what  general  floorplan  design  methods  are  used  by 
AFCE  building  designers  and  real  property  managers.  Question 
11  sought  to  establish  what  general  methods  are  used  by 
organizations  to  assess  whether  or  not  a  user  is  utilizing 
his  space  effectively.  All  three  questions  produced  nominal 
level  data  and  the  their  frequency  distributions  and  modes 
are  reported. 

The  SPSS  precedure  CROSSTABS  was  used  to  analyze 
question  12  and  13  responses,  to  establish  if  there  is  a 
significant  difference  in  floorplan  layout  methods  used  by 
the  two  groups  of  respondents.  As  the  data  was  nominal,  the 
Chi-square  statistic  was  used. 

The  CROSSTABS  procedure  tabulates  the  responses  into 
two-way  contingency  tables.  It  computes  the  cell  frequencies 
which  would  be  expected  if  no  relationship  is  present  between 
two  classif icatory  level  variables  and  compares  these  with 
the  actual  cell  frequencies  produced  in  the  table.  The 
greater  the  discrepancies  between  the  expected  and  actual 


cell  frequencies,  the  larger  will  be  the  Chi-square 
statistic.  Small  values  for  Chi-square  are  interpreted  as 
indicating  no  relationship,  or  statistical  independence 
(52:218-224 ) . 

The  Chi-square  test  hypothesizes  independence.  The 
probability  of  obtaining  a  higher  value  of  the  Chi-square 
statistic  than  that  calculated  if  the  variables  are 
independent,  is  found.  If  this  probability  is  smaller  than 
the  level  of  significance  a  (0.1),  then  the  hypothesis  of 
independence  is  rejected.  In  this  case  the  Chi-square 
statistic  is  said  to  be  statistically  significant  at  level  a 
and  we  can  conclude  that  the  variables  are  dependent 
(52:224).  A  probability  greater  than  «  indicates 
independence . 

CROSSTABS  was  also  run  with  the  coded  group  number  and 
question  11  responses  in  order  to  determine  if  there  is 
dependence  between  the  two  groups  and  the  perception  of  what 
general  methods  are  used  by  their  organizations  to  manage 
existing  facility  space. 

Research  Objective  2_. 

Determine  the  effectiveness  of  such  methods,  and  make 

recommendations  to  assist  AFCE  in  making  the  most  of  it 

building  space  resources. 

The  interviews  of  HQ  USAF  personnel  and  the  letter  to 
MAJCOMS  attempted  to  determine  a  quantitative  means  of 
measuring  the  effectiveness  of  CONUS  bases  in  laying  out  and 
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managing  its  facility  space.  The  survey  questionnaire 
combined  quantitative  questions  with  perceptual  questions  in 
order  to  produce  this  measure. 

Although  Part  2  of  the  questionnaire  contained  seven 
questions,  only  questions  18  and  19  were  considered  during 
the  analysis  as  objectively  indicating  the  effectiveness  of 
an  organization's  efforts  to  maximize  the  utilization  of  its 
facility  space.  Question  10  from  Part  1  and  questions  52  and 
53  from  Part  6  were  also  considered  to  objectively  indicate 
effectiveness.  Question  14  measured  self-rated 
organizational  effectiveness  and  question  15  measured 
perceived  effectiveness  of  the  Air  Force  as  a  whole,  and  so 
neither  were  considered  appropriate  for  inclusion  into  an 
objective  multi-item  measure.  A  measure  of  organizational 
effectiveness  in  utilizing  facility  space  was  created  by 
combining  the  responses  to  questions  10,  18,  19,  52,  and  53. 
As  these  questions  were  a  mixture  of  agree-disagree  and 
quantitative  questions  requiring  an  interval  level  response, 
responses  to  questions  19,  52,  and  53  were  recoded  to  permit 
direct  summation  with  the  Likert  scale  responses  of  questions 
10  and  13. 

For  question  19,  a  building  space  surplus  of  over 
100,000  SF  was  seen  as  equivalent  to  'strongly  disagree'  on 
the  Likert  scale  with  respect  to  effectiveness.  A  surplus  of 
less  than  20,000  SF  was  taken  as  equivalent  to  'strongly 
agree'.  The  intervening  responses  were  recoded  in  rough 
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proportion.  For  questions  52  end  53,  paragraph  13-3  AFM 
86-2  states  that  the  acceptable  space  allowance  for  net 
office  area  per  building  occupant  in  administrative 
facilities  is  80-90  SF.  Thus,  a  response  of  90  SF  to  either 
question  would  be  equivalent  to  'neither  agree  nor  disagree* 
on  the  Likert  scale  with  respect  to  effectiveness,  75  SF  or 
less  would  indicate  'strongly  agree*,  and  more  than  90  SF 
would  indicate  'slightly  disagree'.  Other  responses  were 
recoded  proportionally. 

Before  the  measure  was  used  to  analyze  other  data,  it 
was  tested  for  reliability.  Reliability,  in  this  case,  is 
synonomous  with  internal  consistency,  dependability, 
stability,  predictability,  and  accuracy  (56:44).  Stone,  in 
Research  Methods  in  Organizational  Behavior ,  describes 
reliability  as  "the  degree  to  which  measurement  of  any 
attribute  contains  error"  (56:44).  The  less  error  contained 
in  the  measure,  the  more  reliable  it  is  as  a  measure  of  the 
construct  or  attribute  in  question. 

The  reliability  coefficient  chosen  to  indicate  the 
internal  consistency  of  the  measure  of  effectiveness  and  all 
other  measures  in  this  research  was  Cronbach's  alpha.  This 
coefficient  is  an  indicator  of  how  well  each  pair  of 
variables  in  a  measure  correlate  with  each  other.  Steel  (55) 
uses  the  heuristic  (rule  of  thumb)  guide  in  Table  II  to 
assess  the  reliability  of  a  measure: 
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Cronbach's  alpha 

Assessment 

0.70  -  0.79 

Fair  Reliability 

o  on  —  n  o  q 

Good  Reliability 

0.90  -  1.00 

Excellent  Reliability 
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Summary  statistics  of  the  measure  of  effectiveness  we;.: 
computed  using  the  FREQUENCIES  procedure.  The  relative 
effectiveness  of  the  various  design  and  space  management 
methods  used  by  AFCE  organisations  were  determined  aslng  the 
SPSS  procedure  ANOVA.  The  population  was  broken  down  into 
groups  according  to  their  responses  to  questions  11  and  12, 
and  the  true  mean  effectiveness  of  each  group's  organization 
were  compared  using  the  following  hypothesis: 


Ho  :  *1  =  ^2  =  •  •  •  = 

and  Ha  :  At  least  two  of  these  means  are  unequal 

where  n  is  the  number  of  methods  offered  as  responses  to 
questions  11  or  12.  A  high  F  statistic  with  a  low  associate 
probability  (p'0.1),  indicates  that  the  hypothesis  can  be 
rejected  and  that  at  least  two  of  the  means  are  significant! 
di f ferent . 

Finally,  the  perceived  effectiveness  of  AFCE 
organizations  in  planning  and  managing  the  utilization  of 
their  base  facilities  was  hypothesized  to  be  different  for 
each  of  the  two  groups.  The  T-TEST  procedure  was  again  used 
to  determine  if  the’-e  is  a  difference  in  effectiveness 


between  the 


wo  groups'  responses.  The  hypothesis  was; 


where 


U  =  the  true  mean  effectiveness  as  perceived  by  Design 
1  Chiefs 

U-  =  the  true  mean  effectiveness  as  perceived  by  Real 
Property  Chiefs 

This  t-test  was  performed  on  three  measures:  1)  the 
multiple  item  measure  of  space  utilization  effectiveness, 

2)  the  question  14  measure  of  self-rated  effectiveness,  and 

3)  the  question  15  measure  of  perceived  Air  Force  wide 
e  f  feet i veness . 

Research  Objective  2_ 

Gather  perceptions  of  AFCE  facilities  design  and  real 
property  planning  personnel  on  the  comprehensiveness, 
accuracy,  and  accessibility  of  the  data  that  is 
collected  to  manage  the  utilization  of  building  space, 
and  determine  if  there  is  a  relationship  between  these 
factors  and  the  effectiveness  of  their  efforts. 

The  survey  questionnaire,  primarily  at  Part  3,  asked  BCE 
personnel  if  they  thought  that  the  data  collected  to  assess 
building  utilization  was  comprehensive,  accurate  with 
reregard  to  the  true  effective  utilization  of  a  building's 
space,  and  if  it  was  readily  accessible. 

Measures  for  three  constructs  -  comprehensiveness, 
accuracy,  and  accessibility  of  the  data  -  were  constructed  by 
summing  responses  to  questions  into  multi-item  scales,  as 
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Summary  statistics  for  these  measures  were  produced 
using  the  FREQUENCIES  procedure  and  the  means  ore  reported. 
The  T-TEST  procedure  was  used  to  compare  the  perceptions  of 
Design  Chiefs  with  those  of  Real  Property  Chiefs  on  all  fhr-. 
constructs.  The  hypothesis,  for  each  construct,  was; 

Ho  :  U1  =  U2 

and  Ha  :  uL  ^  n2 


-  the  true  mean  as  perceived  by  Chiefs  of  Design 
^2  -  the  true  mean  as  perceived  by  Chiefs  of  Real 
Proper  ty 


These  multi-item  measures  were  correlated  wi  t  h  the 
measure  of  effectiveness  developed  for  research  objective  2 
in  order  to  determine  if  these  three  constructs  were  related 
to  the  effectiveness  of  organizations  in  utilizing  their 
facility  space.  The  SPSS  procedure  PEARSON  CORR  was  used  fo 
this  purpose.  SPSS  -  Statistical  Package  for  the  Social 
Sciences  states  that  the  Pearson  correlation  coefficient  r  i 
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rategorized  by  question  31.  Here,  the  hypothesis  was: 


"o'  *1  "  M2  4 3  *4 

M  :  At  least  two  of  these  means  are  unequ 
a  1 


p^  -  the  true  mean  space  utilization  effectiveness  s 
organizations  using  MIMS  for  real  property  dutub 
management 

p->  -  the  true  mean  effectiveness  of  organizations  us 
DBMS  software  on  personal  computers  for  real 
property  database  management 

p^  -  the  true  mean  effectiveness  of  organizations  us 
manual  records  for  real  property  database 
management 

p4  =  the  true  mean  effectiveness  of  organizations  us 
BEAMS  for  real  property  database  management 


Question  31  did  not  initially  incorporate  a  fourth 
possible  response  for  BEAMS.  A  significant  number  of 
respondents  pencilled  in  BEAMS,  so  this  was  added  during  t 
ana  lysis  of  data. 

Similar  applications  of  the  ANCVA  procedure  were  made 
determine  if  there  appears  to  be  a  relationship  between  th 
type  of  real  property  data  management  system  used  and  the 
comprehensiveness,  accuracy,  and  accessibility  of  the  data 
produced  by  that  system.  The  data  produced  by  the  three 
multi-item  measures  of  comprehensiveness,  accuracy,  and 


accessibility  was  divided  into  four  groups,  as  classified  by 
question  31.  The  means  of  comprehensiveness,  accuracy,  and 
access ib i 1 i ty  for  each  of  these  groups  were  compared  to 
detect  any  significant  differences.  The  hypotheses  for  the 
three  tests  are  as  follows: 


o  "  U1  =  »2  =  U3  =  U4 

and  :  At  least  two  of  these  means  are  unequal 

where 

u  =  the  true  mean  comprehensiveness,  accuracy,  or 
acessibility  of  real  property  data  for 
organizations  using  WIMS  for  real  property  database 
manageme  n  t 

U0  =  the  true  mean  comprehensiveness,  accuracy,  or 

acessibility  of  organizations  using  DBMS  software 
on  personal  computers  for  real  property  database 
management 

U  =  the  true  mean  comprehensiveness,  accuracy,  or 

acessibility  of  organizations  using  manual  records 
for  real  property  database  management 

=  the  true  mean  comprehensiveness,  accuracy,  or 
acessibility  of  organizations  using  BEAMS  for  real 
property  database  management 


All  Pearson  r  coefficients  produced  and  the  results  of 
the  ANOVA  and  T-TE3T  procedures  are  reported. 


Research  Objective  4_ 

Determine  who  actually  controls  the  utilization  of 
building  space  on  USAF  installations.  What  roles  do  the 
Base  Civil  Engineer  (BCE)  and  the  Facilities  Board  ( FB ) 
have  in  this  task?  Do  unit  commanders  manage  the  use  of 
space  within  their  own  allocated  buildings,  or  is  this 
function  also  performed  centrally  to  coordinate  all  base 
requirements? 


Part  4  of  the  questionnaire  addressed  each  of  these 
questions  directly.  Although  regulations  state  that  the  FB 
controls  the  use  of  all  facilities,  the  BCE  must  receive  and 
coordinate  requests  for  space,  suggest  and  evaluate 
alternative  means  of  satisfying  these  requests,  make 
recommendations  to  the  FB,  budget  for  new  construction  and 
modifications,  program  the  work,  and  implement  the  decisions 
of  the  board. 

Since  BCE  personnel  are  involved  with  all  stages  of  this 
process,  it  is  possible  that  a  BCE  who  perceives  this  task  as 
his  responsibility  and  whose  FB  trust  his  recommendations, 
will  have  a  greater  control  over  space  allocation  and  be  more 
successful  in  finding  accommodation  for  new  requirements  as 
they  arise. 

With  the  exception  of  questions  37  and  40,  all  Part  4 
questions  (34  to  42)  were  combined  to  form  a  multi-item 
measure  of  the  perceived  degree  of  BCE  control  over  space 
allocation  within  USAF  facilities.  Questions  35,  36,  39,  and 
42  were  recoded  to  ensure  that  low  values  on  the  Likert  scale 
corresponded  to  a  respondent's  perception  that  the  BCE  had 
little  control  over  space  allocation,  and  that  high  values 
corresponded  to  the  perception  that  the  BCE  had  good  control. 

The  SPSS  procedure  RELIABILITY  was  used  to  improve  the 
reliability  of  this  measure  by  deleting  any  variables  not 
correlating  well  with  others  in  the  measure.  The  summary 
statistics  for  the  final  combined  measure  are  reported. 


The  T-TEST  procedure  was  used  to  determine  whether  this 
perception  varied  between  design  and  real  property  chiefs. 

The  hypothesis  was: 

Ho  : 

and  Ha  :  #  U2 

where 

U  =  the  true  mean  of  summed  responses  from  Design 
1  Chiefs 

U0  =  the  true  mean  of  summed  responses  from  the  Chiefs 
of  Real  Property 

The  PEARSON  CORR  procedure  was  used  to  determine  if  a 
relationship  existed  between  the  perceived  level  of  BCE 
control  and  the  organizations'  effectiveness  at  utilizing  its 
facility  space.  A  Pearson  r  coefficient  was  obtained  for 
this  relationship  by  correlating  these  two  multi-item 
measures.  All  T-TEST  results  and  the  Pearson  r  coefficient 
are  reported. 

Research  Objective  5 . 

Determine  what  constraints  there  are  to  the  effective 

management  of  building  space. 

Part  5  of  the  questionnaire  was  directed  at  identifying 
these  constraints.  From  personal  experience  a  list  of 
possible  constraints  was  composed  and  framed  as  statements 
for  respondents  to  consider.  These  were: 


a.  the  age  and  condition  of  facilities  -  question  43; 

b.  the  difficulty  in  physically  separating  surplus  space 
from  a  user's  approved  space  allocation  -  question  44; 

c.  the  relative  availability  of  Operation  and  Maintenance 

( OuM '  funds  and  Military  Construction  Program  (MCP)  funds 
-  question  45; 

d.  the  difficulty  in  assessing  the  effectiveness  of  a 
facility's  utilization  -  question  46; 

e.  the  lack  of  funds  for  mod i f ications  required  to  make 
surplus  space  functional  -  question  47; 

f.  building  habitability  -  question  48; 

g.  disruption  of  user  operations  during  rearrangement  and 
alteration  -  question  50;  and 

h.  user  objections  to  sharing  facilities  with  other  users  - 
question  51. 

During  data  analysis  it  was  decided  that  question  43  was 
badly  worded  and  responses  did  not  indicate  whether  a 
respondent  perceived  age  and  condition  to  be  a  constraint,  so 
this  question  was  not  used.  A  response  on  the  upper  side  of 
the  Likert  scale  (that  is,  in  the  'agree'  range),  for 
questions  44,  45,  46,  47,  and  51,  was  taken  as  meaning  that 
the  constraint  is  considered  real  to  the  extent  indicated. 

For  questions  48  and  50  a  low  response  was  taken  as 
indicating  that  the  constraint  is  considered  real. 

Research  Objective  6_. 

Construct  a  list  of  planning  factors  involved  in  the 

redistribution  of  building  space. 


Part  6  of  the  questionnaire  listed  possible  planning 
factors,  or  criteria,  for  consideration  by  BCE  personnel  when 


either  designing  floor  layouts  or  redistributing  existing 
space  between  users.  As  in  research  objective  5,  they  were 
framed  as  statements  for  respondents  to  consider.  These 
criteria  were: 

a.  allowable  'net  office  area'  per  building  occupant  for  new 
office  accommodation  design  purposes  -  question  52; 

b.  allowable  'net  office  area’  per  building  occupant  used 
for  redistributing  space  for  offices  in  existing 
accommodation  -  question  53; 

c.  the  need  for  proximity  between  related  activities  - 
question  54; 

d.  the  cost  of  satisfying  user  requirements  for  space  - 
question  55; 

e.  minimization  of  low  use  and  circulation  areas  - 
question  56; 

f.  subsequent  flexibility  of  the  layout  (cost  and  ease  of 
making  later  modifications)  -  question  57; 

g.  use  of  open  plan  design  as  a  means  of  enhancing 
flexibility  and  reducing  subsequent  costs  - 
questions  58  and  59; 

h.  the  importance  of  facilitating  circulation  (flow  of 
personnel)  through  a  facility  -  question  60;  and 

i.  the  speed  of  fulfilling  the  space  requirement  - 
question  6 1 . 

Sample  statistics  for  the  responses  to  each  of  these 
questions  are  reported. 

The  first  two  of  these  factors  have  a  large  impact  on 
space  utilization.  MAJCCMs  agreed  in  their  responses  to  the 
author's  letter  that  a  per  person  net  office  area  allowance 
of  less  than  75  SF  of  net  office  area  causes  overcrowding. 

AFM  86-2  suggests  that  80-90  SF  be  used  as  a  planning  figure. 


90  SF  could  indicate  underutilization  o 


An  allowa  uCG  o  f  o  v  0  r 
cpace . 

Due  to  the  constraints  imposed  by  using  existing 
buildings  to  house  functions  for  which  they  were  not 
designed,  it  was  expected  that  the  space  allowance  used  for 
renovating  and  re-using  existing  facilities  (question  59) 
would  exceed  that  for  use  in  planning  new  facilities 
(question  52).  This  was  tested  using  the  T-TEST  procedure. 

A  paired  samples  t-test  was  made  because  the  mean  responses 
of  the  overall  population  to  two  different  questions  were 
being  compared  rather  than  the  different  groups'  responses  t 
the  same  question,  as  was  the  case  with  ail  previous 
independent-sample  t-tests.  The  hypothesis  was: 

Ho  :  =  w2 

and  Ha  :  wx  <  u2 

where 

jiX  =  the  true  population  mean  response  to  question  5 
p 2  -  the  true  population  mean  response  to  question  5 

The  probability  associated  with  the  resulting 
t-statistic  was  interpreted  in  the  same  way  as  for  the 
independent  samples  t-test.  Questions  52  and  53  produced  at 
least  interval  level  data, 

As  with  the  constraints  in  research  objective  5,  a 
response  in  the  'agree'  range  to  the  other  Part  6  questions 
(54  to  61)  signify  that  respondents  feel  that  these  possible 
factors  are  important. 
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Research  Object  i  ve  7 . 


Determine  what  effort  is  actually  made  to  consider  the 
possible  reallocation  and/or  rehabilitation  of  existing 
building  space  as  an  alternative  to  new  construction . 


As  stated  in  Chapter  I,  if  all  possible  means  of 
accommodating  a  requirement  from  within  existing  facilities 
are  considered,  then  unnecessary  new  construction  may  be 
avoided . 


Part  7  of  the  questionnaire  requested  respondents  to 
outline  the  steps  that  are  taken  by  their  organization  to 
satisfy  new  requirements  for  space.  Statements  were  provided 
concerning  the  respective  roles  of  Real  Property  and  Design 
Sections  in  the  requirement  review  process,  and  in  the 
formulation  and  evaluation  of  alternative  means  of 
accommodating  these  requirements. 

Questions  62  to  68  were  of  the  Likert  scale  agree- 
disagree  type.  High  responses  were  interpreted  as  meaning 
that  these  possible  steps  are  actually  taken  to  evaluate 
space  requirements  and  to  select  the  best  course  of  action. 
The  magnitude  of  the  response  was  interpreted  as  indicating 
the  degree  to  which  these  steps  are  institutionalized  as 
standard  practices.  Responses  to  question  64  were  not  used 
in  the  analysis  as  the  statement  did  not  present  a  position 
close  to  the  end  of  a  continuum  as  recommended  by  Fowler 
(22:89). 

Question  69  is  a  class i ficatory  question  which  provided 
a  selection  of  four  possible  responses.  It  sought  to 


impor tint 


determine  the  population's  perceptions  of  the  most 
criterion  used  by  USAF  base  management  in  determining  who  the 
to  redistribute  existing  space  (and  possibly  renovate  it;  or 
to  construct  new  facility  space,  when  faced  with  a 
requirement.  The  CROSSTAES  procedure  was  used  to  establish 
if  the  perceptions  of  Real  Property  Chiefs  and  Design  Chiefs 
as  to  the  most  important  criterion  are  similar.  The  Chi- 
square  statistic  and  the  associated  probability  of  exceeding 
it  were  used  determine  whether  or  not  the  perceptions  of 
these  two  groups  are  dependent. 

Sample  statistics  for  ail  Part  7  questions  and  the  Chi- 
square  statistic  are  reported. 
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IV .  Resul ts 


Chapter  Overview 

This  chapter  presents  the  data  collected  from  the  two 
survey  instruments  and  the  results  of  the  statistical  tests 
described  in  Chapter  III.  First,  frequency  distributions  for 
responses  to  all  demographic,  class i f ica tor y  and  multi-level 
quantitative  questions  are  presented.  Next,  for  all 
questions  requiring  a  response  on  the  seven  level  agree- 
disagree  Likert  scale,  the  sample  means  and  standard 
deviations  are  given.  The  results  of  the  statistical  tests 
outlined  in  Chapter  III  for  each  of  the  seven  research 
objectives  are  then  reported.  A  selection  of  written 
comments  by  survey  respondents  is  then  presented,  followed  by 
written  responses  Lo  questions  in  the  letter  to  MAJCOM/DEs. 

Presentation  o f  Findings  of.  Survey  Questionnaire 

Survey  Response .  A  letter  hastening  responses  was  sent 
on  12  June  1987.  From  164  questionnaires  distributed,  89 
responses  were  received  by  the  cut-off  date  of  16  July  1987, 
giving  a  response  rate  of  approximately  54  percent  of  the 
population.  From  the  two  sub-populations  of  82  Chiefs  of 
Real  Property  and  82  Chiefs  of  Design,  52  and  37  responses 
respectively  were  received.  This  constituted  response  rates 
of  63  and  45  percent.  Seeing  that  a  census  was  taken  of  the 
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population  rather  than  a  sample,  this  overall  response  rate 
is  sufficient  to  infer  population  characteristics. 

As  the  number  of  responses  from  each  sub-population  were 
both  greater  than  30,  the  Central  Limit  Theorem  permitted 
analysis  of  the  survey  data  using  statistical  tests  which 
assume  that  the  data  is  normally  distributed. 

Responses  to  each  of  the  survey  questions  by  the 
respondents  are  in  the  computer  generated  list  in  Appendix  H. 
Missing  data  was  excluded  from  analysis  by  setting  the  number 
of  responses  to  each  individual  question  as  the  sample  size 
for  that  question. 

Demographic  Data .  Questions  70,  71,  72,  and  the  pre¬ 
distribution  codings  established  the  duties  and  academic 
background  of  respondents.  Frequency  distributions  are 
presented  in  Tables  IV,  V,  VI  and  VII.  From  Table  IV,  the 
distribution  of  the  22  'other'  responses  to  Question  70  is 
given  in  Table  VIII. 

Class  x  f icatorv  Quest  ions .  Questions  11,  12,  13,  31,  32, 

33,  and  69  required  a  selection  from  a  range  of  independent 
responses.  The  question  is  repeated  followed  by  the 
frequency  distributions,  in  Tables  IX  to  XIV. 
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Table  IV 


Undergraduate  Degree  of  Survey  Respondents 


Degree 

Number 

Percent 

Arch  i  tecture 

8 

9 . 0 

Town/City/Urban  Planning 

0 

0 

Civil  Engineering  * 

23 

25 . 8 

Mechanical  Engineering 

4 

4 . 5 

Other  Engineering 

10 

11.2 

Building  Sciences 

2 

2  .  2 

Other 

22 

24 . 7 

None 

18 

20  .  2 

-  No  response  - 

2 

2  .  2 

Total 

89 

de 


Table  V 


Current  Primary  Duty  of  Survey  Respondents 


Duty 

Number 

Percent 

Architectural  Design 

6 

6 . 7 

Real  Property  Management  * 

46 

51.7 

Engineering  Management 

29 

32 . 6 

Other 

6 

6 . 7 

-  No  response  - 

2 

2  .  2 

Total 

89 

[•Tm\ 
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Table  VI 


Years  Experience  in  Current  Primary  Duty 


Years 

Number 

Percent 

1  yr  or  less 

4 

4 . 5 

Between  1  and  2  yrs 

2 

2  .  2 

Between  2  and  3  yrs 

3 

3  .  4 

Between  3  and  4  yrs 

3 

3  .  4 

4  yrs  or  more  * 

75 

84  .  3 

-  No  response  - 

9 

2  .  2 

Total 

89 

*  Mode 


Table  VII 

Distribution  of  Respondents  by  Discipline 


k 


Chief  of: 

Number 

Percent 

Design 

37 

41.6 

Real  Property  * 

52 

58  .  4 

Total 

89 

£ 


h- 


L1 

£ 

?: 

r-. 

r- 

r-. 

f 


*  Mode 


Table  VIII 


Distribution  of  'Other'  Responses  from  Table  IV 


Degree 

Number 

Percent 
(of  total) 

Real  Proper ty /Real  Estate 

8 

9 . 0 

Business  Admin. /Real  Estate  * 

9 

10.1 

English  major 

1 

1  .  1 

Psychology  major 

1 

1  .  1 

Education/Business  Admin. 

1 

1  .  1 

Account i ng 

1 

1  .  1 

Foreign  Languages 

1 

1  .  1 

Total 

22 

*  Mode 


£ 


1  30 


Table  IX 


y 

y 
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Distribution  of  Methods  Used  to  Assess 
Underutilization  of  Facility  Space 
(Survey  Question  11) 


Response 

Number 

Percent 

Known  occupancy/allowances  of  AFM  86-2  * 

29 

32 . 6 

Known  occupancy /equ ipment  space  req'ts 

11 

1  2  .  A 

Visiting  buildings/subjective  assessment 

19 

21.3 

Personal  Knowledge  of  base  facilities  and 

10 

11.2 

the  relative  efficiency  of  their  usage 

Other 

17 

19.1 

-  No  response  - 

0 

J 

3  .  4 

Total 

89 

Mode 


Table  X 

Distribution  of  Design  Tools  Used  for  Floorplan  Layout 

(Survey  Question  12) 


Response 

Number 

Percent 

H 

Some  type  of  computer  software 

0 

Bubble  diagrams 

18 

22.3 

Functional  Relationship  chart 

15 

16.9 

AFM  88-2  standard  designs 

10 

11.2 

k 

Linear  programming 

0 

V 

Intuition  and  experience  * 

30 

33.7 

Other 

6 

6 . 7 

** 

-  No  response  - 

10 

11.2 

P" 

Total 

89 

Mode 
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Distribution  o  f  Computer  Usage 
for  Floor pi sn  Layout 
! Survey  Question  13) 


Response 

Numbe  r 

Pe  r  ce  n  t 

CADkey  on  a  PC 

0 

0 

AutoCAD  on  a  PC 

3 

3  .  4 

VersaCAD  or  Easy CAD  on  a  PC 

0 

O 

WANG  AutoCAD  on  WIMS 

\ 

Some  other  CAD  software  on  PC 

X 

■*  3 

A  computer  programming  language 

0 

0 

Linear  programming  software 

0 

0 

No  computer  * 

72 

93.5 

-  No  response  - 

12 

13.5 

Total 

89 

*  Mode 


Table  XII 

Distribution  of  Automation  of  Real  Property 
and  Building  Databases 
(Survey  Questions  31  and  32) 


Question  3 1 .  Is  the  Real  Property  database  in  your  office 
computerized? 


Question  3 2 .  Is  the  building  information  database  in  your 
office  computerized? 


Response 

Number 

Percent 

Q  3  1 

Q  3  2 

Q  3 1 

Q  3  2 

Yes  -  WIMS  * 

40 

33 

44.9 

37  .  1 

Yes  -  Database  Management 

23 

14 

25  .  8 

15  .  7 

so  f  twar e  on  PC 

No  -  Manual  records 

14 

30 

15 . 7 

33.7 

Yes  -  BEAMS 

8 

7 

9  .  0 

7  .  9 

-  No  response  - 

4 

5 

4  .  5 

5 . 6 

Totals 

89 

89 

*  w _ 1  _  C _ i _ i.  ___ 


nfi 
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C  i.--tr  -.but  ion  of  Methods  Used  to 
pd  a  te  Sp  jc?  Utilization  Records 
Survey  Question  33 i 


Response 

‘  — n 

Number 

■ 

Regular  building  visits  by  BCE  personnel  * 

35 

Regular  BCE  surveys  of  building  managers 

^  1 

Jl.  ± 

There  is  no  'ey;  tern'  for  collecting  data 

2  3 

71.5 

Cther 

*7 

^  .  9 

-  No  response  - 

S 

9  .  ? 

Total 

39 

*  Mode 


Table  XIV 

Distribution  of  Most  Used  Criterion  for  Deciding 
How  to  Best  Satisfy  Space  Requirements 
' Survey  Question  69 

Question  6  9  .  Which  of  the  following  possible  responses 
best  describes  the  criterion  most  used  to  make  decisions  on 
whether  to  renovate,  lease,  or  construct  a  new  facility? 


Response 

Number 

Percent 

A  cost  analysis  of  all 

16 

T  Q  m 

possible  alternatives 

Relative  availability 

19.  1 

of  MCP  and  C>iM  funds 

Base  p  o  -  itiics 

1  3 

20  .  2 

The  best  interests  of 

2  9 

3  2.6 

mission  fulfillment  * 

-  No  Response- 

9 

10.1 

Total 

9  9 

Mode 


1  3  ? 


TVCv>>y/-->' 
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Quant i tat i ve  Quest  ions .  Frequency  distributions,  modes 
and  means  for  responses  to  questions  19,  20,  52,  and  53  are 
presented  in  Tables  XV  and  XVI. 

Table  XV 

Distribution  of  Building  Space 
Deficiencies  and  Surpluses 
(Survey  Questions  19  and  20) 


iuestion  19  . 


Question  20 


My  base  has  a  list  of  building  space  surpluses 
totalling  approximately: 

My  base  has  a  list  of  approved  but  currently 
unsatisfied  requirements  for  building  space 
totalling  approximately: 


Percent 


69 . 7 
4 . 5 
1  .  1 
0 

2  .  2 
4.5  24.7 

18.0  18.0 


Responses 

Number 

Q 19 

Q20 

Less  than  20,000  SF  * 

62 

19 

Between  20,000  and  40,000  SF 

4 

8 

Between  40,000  and  60,000  SF 

1 

6 

Between  60,000  and  80,000  SF 

0 

8 

Between  80,000  and  100,000  SF 

2 

10 

Over  100,000  SF  ** 

4 

22 

-  No  response 

16 

16 

Totals 

89 

89 

Modes 


Means 


Standard  Deviations 


Q 19  -  1.466 

Q20  -  3.658 


Q19  -  1.313 

Q20  -  2.036 


Table  XVI 

Distribution  of  Net  Office  Area  Planning  Criteria 

("Survey  Questions  52  and  53) 

/ 

Question  52. 

What  "net  office  area  per  building  occupant" 

(as  defined  at  AFM  86-2,  para  13-3)  is  used  at 
your  base  for  planning  space  requirements  for 
new  administrative  facilities? 

y 

Question  5 3 . 

s' 

What  "net  office  area  per  building  occupant"  is 
used  at  your  base  for  managing  and 
redistributing  space  in  existing  administrative 
facilities? 

Responses 

Number 

Percent  . 

Q52 

Q5  3 

Q52-  . 

Q53 

Less  than  75  SF 

4 

5 

>  4.5 

5 . 6 

75  SF 

2 

3 

2.2 

3 . 4 

80  SF 

5 

7 

'  ’  5. 6 

7 . 9 

85  SF 

9 

9 

'  10  .  1 

10  .  1 

90  SF 

38 

27'  '  ' 

42.7 

30  .  3 

More  than  90  SF 

17 

,  24  '  - 

■  19.1 

27.0 

-  No,  Response 

14 

A  14,  " 

15.7 

15.7 

.-'Totals 

89 

•  89 

» 

j 

Modes 


Q52  - 
Q53  - 


90  SF 
90  SF 


Means 

,  >'  , 


Q52  r 
Q53 


is.  Standard  Deviations'- 

<(.  680  '  Q5  2  -  1. 275^ 

4.627  Q53  -  1,459 

/ 


Agree-Disagree. Questions.  These  questions  are  repcaLed 

with  the  mean  response  and  standard  deviatibrt.  Responses 
s' 

were  on  the,,  following  scale. 

( 

1  =  Strongly  disagree  5.='  Slightly  agree 

2  =  Moderately  disagree  6  =  Moderately  agree 

3  =,S’lightly  disagree  7  =  Strongly  agree 

4  =  Neither  agree  nor  disagree 


1.  Design  regulations  provide  adequate  guidelines  for  v 
ensuring  that  architects/planners  minimize  space  wastage  in 
floor  layout. 


Mean  =  4.012 


Std  dev  =  1.787 
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2.  Functional  relationships  are  the  most  important  criteria 
in  building  layout  design. 

Mean  =  5.631  Std  dev  =  1.360 

3.  I  rely  on  my  intuition  to  come  up  with  an  initial 
conceptual  floorplan  layout  when  designing  a  new  building  or 
reallocating  space  in  an  existing  building. 

Mean  =  3.576  Std  dev  =  1.898 

4.  The  use  of  standard  designs  (AFM  88-2)  does  not  permit 
designers  to  tailor  a  facility  to  the  needs  of  individual 
users . 

Mean  =  3.915  Std  dev  =  2.007 

5.  Real  Property  regulations  adequately  cover  how  to  monitor 
building  usage. 

Mean  =  3.709  Std  dev  =  2.097 

6.  Real  Property  personnel  in  my  organization  are 
responsible  for  determining  required  changes  to  the  physical 
layout  of  functions  within  existing  buildings. 

Mean  =  2.460  Std  dev  =  1.999 

7.  Space  utilization  studies  of  existing  facilities  are 
carried  out  regularly,  even  if  there  are  no  requirements  to 
satisfy . 

Mean  =  3.186  Std  dev  =  2.183 

8.  Our  Real  Property  records  do  not  indicate  how  efficiently 
a  user  is  using  the  space  that  he  has  been  allocated. 

Mean  =  5.977  Std  dev  =  1.594 

9.  Architect  or  engineer  assistance  is  provided  only  on 
request  by  Real  Property  personnel,  which  is  usually  if 
building  modifications  are  required,  or  if  the  functional 
layout  problem  is  particularly  complex. 

Mean  =  4.756  Std  dev  =  2.158 

10.  If  space  is  known  to  be  underutilized  or  used  for  some 
unapproved  or  wasteful  purpose,  action  is  usually  taken  to 
reallocate  it. 

Mean  =  4.483  Std  dev  =  2.214 
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ing  requirements  is  available 
ving  to  look  through 

3  . 

Std  dev  =  1.947 

ion  of  existing  building 
atively  match  a  requirement 

Std  dev  =  1.743 
readily  identifiable  from 

Std  dev  =  2.158 
ocated  within  all  buildings. 


26.  Surplus  space  is  usually  identified  by  building  users. 

Mean  =  2.337  Std  dev  =  1.913 

27.  Up  to  date  building  usage  data  is  usually  available  when 
needed  by  planners  and  designers. 

Mean  =  4.477  Std  dev  =  2.033 

28.  It  is  important  to  have  current  data  on  the  number  of 
personnel  working  in  a  facility,  and  the  layout  of  equipment. 

Mean  =  5.859  Std  dev  =  1.521 

29.  Real  froperty  records  do  not  contain  enough  information 
to  ccv.'jc  :  a  detailed  analysis  of  efficient  space  usage 
within  f aci 1 i t ies . 

Mean  -  5.198  Std  dev  =  1.807 

30.  Space  that  is  known  to  be  misused  or  wasted  is  recorded 
as  such,  either  in  real  property  reports  or  on  file,  for 
possible  future  re -al loca t ion  should  the  need  arise. 

Mean  =  3.616  Std  dev  =  2.104 

34.  It  is  primarily  the  BCE's  responsibility  to  ensure  that 
building  space  is  utilized  effectively. 

Mean  =  4.279  Std  dev  =  2.389 

35.  It  is  the  Facilities  Board's  ( FB )  responsibility  to 
ensure  that  building  space  is  utilized  effectively. 

Mean  =  5.407  Std  dev  =  2.060 

36.  Major  tenants  on  this  installation  are  reasonably  free  to 
decide  how  they  use  space  within  their  allocated  buildings. 

Mean  =  5.535  Std  dev  =  1.992 

37.  BCE  personnel  systematically  visit  every  base  facility  to 
reassess  utilization. 

Mean  =  4.453  Std  dev  =  2.045 

38.  The  BCE  actually  decides  how  space  will  be  allocated. 

Mean  =  3.070  Std  dev  =  2.238 

39.  The  FB  makes  the  decisions  on  the  allocation  of  space. 


Mean 


5  .  384 


Std  dev 


2.030 


.■  «■ 


40.  The  BCE  implements  the  FB ' s  decisions. 

Mean  =  6.221  Std  dev  =  1.384 

41.  The  BCE  influences  the  FB's  decisions  -  they  usually 
accept  his  recommendations. 

Mean  =  5.256  Std  dev  =  1.653 

42.  We  have  a  Space  Allocations  Panel  (or  similar)  composed 
of  tenant  representatives,  which  acts  as  a  forum  for 
analyzing  space  shortage  problems,  identifying  possible 
solutions,  and  recommending  action. 

Mean  =  3.859  Std  dev  =  2.587 

43.  Structurally  unsound  or  maintenance-intensive  buildings 
are  often  renovated  and  used  beyond  their  intended  design 

1  i  fe  . 


Mean  =  5.105  Std  dev  =  2.064 

44.  It  is  often  impractical  to  physically  separate  a  user's 
'surplus'  space  from  his  'approved'  space  such  that  it  can 
accommodate  another  requirement. 

Mean  =  5.605  Std  dev  =  1.625 

45.  It  is  easier  to  fund  the  renovation  or  modification  of  an 
existing  old  building  to  satisfy  a  new  requirement,  albeit 
unsound  or  maintenance-intensive,  than  to  obtain  MCP  funds  to 
construct  a  new  facility. 

Mean  =  6.235  Std  dev  =  1.394 

46.  It  is  often  difficult  to  assess  if  space  within  a 
building  is  utilized  well. 

Mean  =  4.919  Std  dev  =  1.960 

47.  Insufficient  funds  are  available  to  modify  all  surplus 
space  to  make  suitable  for  other  requirements. 


Mean  =  5.788 


Std  dev  =  1.619 


* 
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48.  The  effective  utilization  of  building  space  is  more 
important  than  building  habitability,  should  the  two 
conf 1 ict . 


Mean  =  3.847 


Std  dev  =  2.073 
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49.  Building  modifications  associated  with  space  re¬ 
allocation  often  cause  disruptions  to  user  operations. 

Mean  =  5.337  Std  dev  =  1.546 

50.  The  negative  operational  effects  of  disruptions  caused  by 
space  re -al loca t ions  are  outweighed  by  the  benefits  of 
utilizing  space  more  effectively. 

Mean  =  4.988  Std  dev  =  1.842 

51.  Allocating  one  facility  to  more  than  one  organization 
often  causes  problems  for  all  users. 

Mean  =  4.200  Std  dev  =  1.876 

54.  Activities  within  a  building  should  be  located  according 
to  their  need  for  proximity. 

Mean  =  5.651  Std  dev  =  1.578 

55.  Building  modifications  associated  with  space  re¬ 
allocation  are  more  economical  than  new  construction. 

Mean  =  4.558  Std  dev  =  1.656 

56.  Net  usable  space  should  be  maximized.  Circulation  and 
low  use  areas  should  be  minimized. 

Mean  =  5.884  Std  dev  =  1.323 

57.  Building  design  should  include  features  that  minimize  the 
potential  cost  of  future  extensions  or  modification. 

Mean  =  6.151  Std  dev  =  1.260 

58.  Open  plan  designs  maximize  the  ease  involved  in  the 
possible  future  rearrangement  due  to  changing  functions  and 
relat ionships . 

Mean  --  6.047  Std  dev  =  1.308 

59.  Open  plan  design  should  be  used  for  office  and  work,  areas 
wherever  possible. 

Mean  =  5.424  Std  dev  =  1.930 

60.  Building  layout  should  maximize  the  orderly  flow  of 
personnel  through  the  building  and  minimize  unnecessary 
traffic  through  main  working  areas. 

Mean  =  6.558  Std  dev  =  1.058 


61.  The  availability  of  suitable  space  for  renovation  will 
usually  enable  a  requirement  to  be  satisfied  quicker  than  by 
new  construction. 

Mean  =  5.919  Std  dev  =  1.573 

62.  When  a  new  requirement  for  space  is  received  it  is 
staffed  first  by  -eal  Property  personnel. 

Mean  =  4.541  Std  dev  =  2.393 

63.  The  requirement  is  checked  against  AFM  86-2  to  ensure 
that  the  request  is  in  accordance  with  space  entitlements. 

Mean  =  5.906  Std  dev  =  1.536 

64.  Space  already  allocated  to  a  low  priority  use  is 
sometimes  re-allocated  to  a  new  requirement  with  a  higher 
operational  priority. 

Mean  =  5.071  Std  dev  =  1.713 

65.  A  cost  analysis  is  usually  done  to  assess  whether  to 
renovate  existing  space,  extend  an  existing  facility, 
construct  a  new  facility,  or  lease  space  -  whichever  are 
feasible . 

Mean  =  4.447  Std  dev  =  2.050 

66.  Real  Property  personnel  always  attempt  to  find  suitable 
space  available  within  existing  facilities  before 
recommending  new  construction. 

Mean  =  5.812  Std  dev  =  1.763 

67.  Prior  to  deciding  if  an  identified  surplus  space  is 
suitable  for  a  particular  requirement,  a  site  visit  is 
usually  made. 

Mean  =  6.314  Std  dev  -  1.313 

68.  The  prospective  user  of  a  re-allocated  space  takes  an 
active  role  in  assessing  its  suitability  for  his  requirement. 

Mean  =  6.412  Std  dev  =  0.890 


Statistical  Tests .  The  results  of  all  statistical  tests 
conducted  using  the  survey  questionnaire  data  are  reported  in 
order  of  the  research  objective  which  they  support. 


Research  Objective  1_. 

Determine  what  methods  are  currently  being  used  oy 
facility  designers  and  planners  in  AFCE,  RAAF,  ar.d 
civilian  organizations,  tc  design  efficient  buildi; 
layouts  and  to  manage  a  facility's  space  thrcughou" 
design  life. 


Comparison  of  the  mean  reliance  of  Design  and  Real 
Property  Chiefs  on  intuition  when  planning  floor  layout 
new  or  existing  buildings  (Question  3)  is  shown  below. 


Group 


D  e  s  i  g  n 


Real  Property 
Combined 
t  =  -0 .04 


Numbe r 


Mean 
3 . 563 


25  3.576 

Probability,  p=  0.970 


As  p  ^  0 . 0  5  (that  is,  a/2),  the  hypothesis  that  intuition 
equally  relied  on  by  both  groups  is  not  rejected  at  the 
lave  1 . 

Comparison  of  the  mean  perceptions  of  Design  and  Re 
Property  Chiefs  regarding  the  level  of  responsibility  he 
Real  Property  Sections  for  the  redesign  of  existing  f  sc  1 
layouts  (Question  6)  is  shown  below. 


Group 

Numbe  r 

Mean 

Design 

37 

1.730 

Real  Property 

50 

3  .  000 

Combined 

87 

2.460 

t=  3.35 

Probability,  p - 

0.001 

nwrrr*' 


UW 
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As  p<0.05,  the  hypothesis  that  the  groups  agree  on  the  level 
of  responsibility  held  by  Real  Property  Sections  is  rejected 
at  the  0 . 1  level . 

The  comparison  of  the  mean  perceptions  of  Design  and 
Real  Property  Chiefs  regarding  the  level  of  assistance  given 
by  architects  within  the  Design  section  to  Real  Property 
personnel  in  the  redesign  of  existing  floor  layouts  (Question 
9)  resulted  as  shown  below. 


Group 

Number 

Mean 

Design 

36 

4 . 750 

Real  Property 

50 

4 . 760 

Combined 

86 

4 . 756 

t=  -0.02 

Probability,  p= 

0 . 983 

As  p>0.05,  the  hypothesis  that  the  groups  agree  on  the  level 
of  assistance  given  by  Design  staff  is  not  rejected  at  the 
0 . 1  level . 

Crosstabulation  of  the  two  sub-populations  with  design 
tools  that  could  possibly  be  used  in  floor  plan  layout 
(Question  12)  yielded  the  following  contingency  table: 


Bubble 

Diagram 

Relat ion- 
ship  chart 

AFM 

88-2 

Exper¬ 

ience 

Other 

ROW 

TOTALS 

Des ign 

11 

6 

5 

11 

3 

36 

(45.6%) 

Real 

Prop 

7 

9 

5 

19 

3 

43 

(54.4%) 

COL 

TOTALS 

18 

(22.8%) 

15 

(19.0%) 

10 

(12.7%) 

30 

(  38. 0%) 

6 

(7.6%) 

79 

( 100%) 

">l 


The  Chi-square  statistic,  obtained  by  the  comparison  of 
expected  cell  values  with  actual  cell  values,  and  the 
associated  probability  of  exceeding  it  if  the  variables  are 
independent,  were: 


Chi-square  =  3.02573 


Probability  =  0.5535 


As  p>0.1,  the  hypothesis  that  the  sub-population  and  the 
design  tool  preference  are  independent  variables  is  not 
rejected  at  the  0.1  level. 

Crosstabulation  of  the  two  sub-populations  with  methods 
which  could  be  used  assess  the  effectiveness  of  a  facility's 
space  utilization  (Question  11)  produced  the  following 
contingency  table: 


Personal 

Knowledge 

Other 

ROW 

TOT 

5 

9 

37 

(43.0%) 

5 

8 

49 

(57.0%) 

10 

17 

86 

(11.6%) 

(19.8%) 

( 100%) 

The  Chi-square  statistic  and  associated  probability  were: 

Chi-square  =  11.49840  Probability  =  0.0215 

As  p<0.1  the  hypothesis,  that  the  sub-population  and  the 
assessment  method  perceived  as  being  used  are  independent 
variables,  is  rejected  at  the  0.1  level. 
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R e 3 e  a r  c h  Ob  j  act  ive  2_. 

Determine  the  e  f  fact  ivjr.os  j  o  f  such  methods  ;cf  apace 
planning  and  apace  management],  ar.d  make  recommendations 
to  assist  AFCE  in  making  the  most  of  its  building  space- 
resources  . 

Input  from  HQ  USAF/LEE  experts  and  MAJCCM/DEs  was 
solicited  to  construct  a  measure  for  assessing  a  base's 
effectiveness  in  utilising  its  building  space.  Mr  Dick. 
Jankers  (HQ  USAF/LEER)  agreed  that  a  comparison  of  surplus 
building  space  with  outstanding  requirements  for  building 
space  may  be  a  good  indicator  of  a  base's  ability  to  manage 
its  space  and  to  effect  timely  relocations  and  renovations. 
Hard  data  on  space  surpluses  and  deficiencies  from  BCE 
records  was  sought  to  measure  this. 

The  responses  to  question  19  indicate  a  mean  building 
space  surplus  of  less  than  20,000  square  feet.  The  accuracy 
of  responses  to  this  question  depends  upon  the  accuracy  of 
the  data  kept  in  the  ECE  records.  If  underutilised  space  1 
considered  as  partially  surplus  to  the  user's  requirements 
then  the  accuracy  of  real  property  data  on  surplus  space 
depends  on  the  capability  of  Real  Property  personnel  assess 
utilization.  The  responses  to  question  20  indicate  a  mean 
but  variable  building  space  deficiency  of  between  40,000  and 
60,000  square  feet  ( SF )  per  base. 

The  difficulty  in  assessing  if  space  is  utilized  well 
was  measured  by  question  46.  The  response  indicates  that 
there  is  general  agreement  that  assessing  utilization  is 
difficult.  This  casts  some  doubt  on  the  accuracy  of  question 
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19  responses  on  buiding  space  surpluses.  However,  as  no  more 

accurate  data  on  surplus  space  was  available,  question  19  was 

included  initially  in  the  measure  of  effectiveness. 

The  proposed  measure  of  effectiveness  using  questions 

10,  18,  19,  52,  and  53,  was  found  to  be  unreliable.  It 

returned  a  Cronbach's  alpha  of  only  0.30,  which  is  too  low  by 

Steel's  heuristic  (Table  II)  to  rate  any  degree  of 

reliability  at  all.  Withdrawing  from  the  measure  question 

19,  which  dealt  with  the  quantity  of  building  surpluses, 

improved  the  reliability  marginally  to  0.42. 

After  responses  to  questions  52  and  53  were  recoded, 

they  were  summed  directly  with  the  Likert  scale  responses  to 

questions  10  and  18  as  discussed  in  Chapter  III.  This 

produced  a  multiple  item  Likert  scale  measure  of  space 

utilization  effectiveness  with  the  following  main  divisions. 

4  =  Strongly  disagree  20  =  Slightly  agree 

8  =  Moderately  disagree  24  =  Moderately  agree 

12  =  Slightly  disagree  28  =  Strongly  agree 

16  =  Neither  agree  nor  disagree 

The  mean  and  standard  deviation  for  the  combined  responses  to 
this  multiple  item  measure  were: 

Mean  =  16.716  Std  dev  =  5.015 

To  determine  if  there  is  a  true  difference  between 
Design  and  Real  Property  Chiefs'  perceptions  of  the 
effectiveness  of  their  base's  efforts  to  utilize  building 
space  well,  their  mean  responses  to  the  objective  multiple 
item  measure  were  compared  followed  by  their  responses  to  the 
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The  results  are  shown 


If-rated  measure  at  question  14. 
below . 


Multiple  item  measure  of  effectiveness. 


Grouo 

Number 

Mean 

Design 

37 

14.081 

Real  Property 

51 

18.628 

Comb i ned 

98 

16.716 

t=  -4 . 47 

Probabil ity. 

p=  0.000 

2.  Self-rated  effectiveness. 


Group 

Number 

Mean 

Design 

37 

4.892 

Real  Property 

51 

5 . 686 

Combined 

88 

5.352 

t=  -2 . 16 

Probabil ity. 

p=  0.033 

In  each  case  p<0.1  and  thus  the  hypotheses  that  both  groups 
equally  perceive  their  organizations'  effectiveness,  is 
re  j  ected . 

The  perceptions  of  Design  and  Real  Property  Chiefs  on 
Air  Force  wide  effectiveness  at  utilizing  space  (Question  15) 
were  compared.  The  result  is  shown  below. 


GrouD 

Number 

Mean 

Design 

37 

3 .622 

Real  Property 

51 

4.098 

Comb i ned 

88 

3  .  898 

t=  -1 . 39 

Probability,  p= 

0  .  169 

1 


As  p>0.1  the  hypothesis,  that  the  perceptions  of  the  two  sub¬ 
populations  or.  the  effectiveness  building  space  utilisation 
Air  Force  wide  are  the  same,  j s  not  rejected. 

The  population  was  then  divided  into  five  groups 
according  to  their  preferred  method  of  assessing  whether  a 
facility  is  underutilized  (Question  11).  The  effectiveness 
of  these  space  assessment  methods  was  tested  using  the 
measure  of  effectiveness  constructed  previously.  The  F 
statistic  and  associated  probability  resulting  from  this 
comparison  of  five  means  is  shown  below. 

F  =  1.515  Probability  -  0 . 2C6 

As  p>0.1,  the  hypothesis  that  the  methods  are  equally 
effective  is  not  rejected. 

A  similar  test  was  constructed  to  assess  if  there  is  any 
difference  in  the  effectiveness  of  a  base's  space  utilization 
as  a  result  of  the  space  planning  design  tool  used  (Question 
12).  The  result  is  shown  below. 

F  =  2.881  Probability  =  0.031 

As  p<0.1,  the  hypothesis  that  the  methods  are  equally 
effective  is  rejected. 
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property  planning  per jcnne.  on  tne  comprenens: venerr , 
accuracy,  .and  access  ib  i  1  i  ty  of  the  data  that  is 
collected  to  manage  the  utilization  of  building  space, 
and  determine  if  there  is  a  relationship  between  these 
factors  and  the  effectiveness  of  their  efforts. 


Measures  of  real  property  database  comprehensiveness , 
accuracy,  and  accessibility  were  constructed  in  the  same  way 
as  the  measure  of  effectiveness  in  research  objective  2. 


imprehensiveness.  Questions 


O  i  o  o  oc  n 


and  29  were  used  initially.  This  measure  wa 
unreliable,  by  Steel's  heuristic  (Table  II), 


'6  oUrniaQ  5l 


Tronbach's  alpha  coefficient  of  0.54.  Withdrawing  from  the 
measure  question  28,  which  dealt  with  the  need  for  the  BCE  t; 
know  personnel  numbers  and  equipment  quantities  and  layouts 
for  all  facilities,  improved  the  measure's  reliability 
marginal ly  to  0.62. 

The  main  Likert  scale  divisions  for  this  measure,  and 
the  means  and  standard  deviations  of  the  combined  responses 


1  =  Strongly  disagree  20  -  Slightly  agree 

8  =  Moderately  disagree  24  =  Moderately  agree 

12  =  Slightly  disagree  23  =  Strongly  agree 

16  =  Neither  agree  nor  disagree 


Mean  =  14.733 


Std  dev  =  5.230 


Accuracy .  Questions  8,  16,  23,  26,  and  30 
were  used  initially.  This  measure  was  also  found  to  be 
unreliable,  returning  a  Cronbach's  alpha  of  0.34. 

Withdrawing  from  the  measure  question  26,  which  asked  whethe: 


.omprehens iveness 


.'.ei-  .-T^per  v 


imb ined 


Probability,  p- 


Accura 


'lumber 


Real  Property 


— .  \j  uUL.'  me  u 


15 . 9< 


19.91? 


■  —  _  T  c  r\ 


Probability,  p= 


Access  ib  i  1  i  ty 


Grout 


Number 


Mean 


Design 

Real  Property 
Combined 


10.432 

13.941 

12.466 


t  =  -3.31 


Probability,  p-  0.0! 


In  all  cases  p<C.C5  signifying  that  all  three  hypotheses 
rejected  at  the  0.1  level. 

Pearson  correlation  coefficients  (r)  were  generated 
determine  the  strengths  of  relationships  between  a  base's 
effectiveness  at  utilizing  its  building  space  and  the 
perceived  comprehensiveness,  accuracy,  and  accessibility 
the  base’s  real  property  data.  These  coefficients  were  a 
follows: 


Effectiveness  with  comprehensiveness 
Effectiveness  with  accuracy 
Effectiveness  with  accessibility 


Observed 

Correlation 

0  .  36 

0  .  46 

0.42 


The  Chapter  V  data  analysis  examines  these  correlations  with 
respect  to  the  reliabilities  of  each  measure. 

A  series  of  four  tests  were  then  performed.  The 
population  was  divided  into  four  groups  according  to  the  type 
of  real  property  database  automation  used  at  their  bases: 

1)  WIMS;  2)  BEAMS;  3)  Database  Management  Software  (DBMS) 
using  a  personal  computer;  or  4)  Manual  records  (Question 
31).  The  tests  compared  group  means  to  assess  whether  the 
type  of  real  property  database  automation  makes  a  significant 
difference  in  : 

1.  the  effectiveness  of  a  base's  space  utilization  efforts; 

2.  the  perceived  comprehensiveness  of  real  property  data; 

3.  the  perceived  accuracy  of  real  property  data;  or 

4.  the  perceived  accessibility  of  real  property  data. 

In  each  case  it  was  hypothesized  that  the  mean  responses 
of  Design  and  Real  Property  Chiefs  were  equal.  The  results 
are  given  below. 
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Type  of  automation 
Comprehensiveness 
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Type  of  automation 
Accuracy 

Type  of  automation 
Access ib i 1 i ty 

As  p>0.1  in  all  cases, 
reject  any  of  the  four 


vs.  0.192 

vs.  0.103 

there  is  insufficient 
hypo  theses . 


Q  Q  O 


0  .  953 


evidence  to 


Research  Ob  j  ecf.ive  4_. 

Determine  who  actually  controls  the  utilization  of 
building  space  on  USAF  installations.  What  roles  do  the 
Base  Civil  Engineer  (BCE)  and  the  Facilities  Board  (FB) 
have  in  this  task?  Do  unit  commanders  manage  the  use  of 
space  within  their  own  allocated  buildings,  or  is  this 
function  also  performed  centrally  to  coordinate  all  base 
requirements? 


The  mult 
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f  the 

perce 

i  ved 

degree 

0  f 

OCT 

control  over 
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were  recoded.  It  was  found  to  be  unreliable,  returning  a 
Cronbach's  alpha  of  0.32  although  when  applied  only  to  Design 
Chiefs  responses  it  returned  a  alpha  of  0.65.  It  proved 
totally  unreliable  for  the  Real  Property  Chiefs  responses, 
returning  a  negative  alpha.  Withdrawing  questions 


41  and  42  from  the  measure  improved  the  overall  reliability 
of  this  measure  to  0.45. 

The  main  Likert  scale  divisions  and  the  mean  and 
standard  deviation  of  the  measure  are  shown  below. 

5  =  Strongly  disagree  25  =  Slightly  agree 

10  =  Moderately  disagree  30  =  Moderately  agree 

15  =  Slightly  disagree  35  =  Strongly  agree 

20  =  Neither  agree  nor  disagree 

Mean  =  15.302  Std  dev  =  6.097 

The  mean  of  this  measure  for  the  Design  Chiefs' 
responses  was  compared  to  the  mean  for  the  Real  Property 
Chiefs'  responses.  The  result  is  shown  below. 


Group 

Number 

Mean 

Design 

35 

14 . 629 

Real  Property 

51 

15 . 765 

Combined 

86 

15. 302 

t=  -0 . 85 

Probabil ity. 

p=  0 . 399 

As  p>0.1  there  is  no  evidence  to  support  the  rejection  of  the 
hypothesis  that  the  means  are  equal,  at  the  0.1  level. 

The  Pearson  correlation  coefficient  generated  by 
correlating  the  level  of  BCE  control  over  space  allocation 
with  a  base's  effectiveness  in  utilizing  its  building  space 
was  -0.0002.  The  Chapter  V  data  analysis  examines  this 
correlation  with  respect  to  the  reliabilities  of  the  two 
measures . 

The  responses  to  question  36,  whether  major  facility 
users  are  reasonably  free  to  decide  how  they  will  use  their 
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Research  Cb  j ective  5 . 

Determine  what  constraints  there  ar 
management  of  building  space. 


the  effective 


Questions  44  to  51  required  an  ogree  -disagree  res; 
to  assess  whether  respondents  felt  the  statements  expr: 
valid  constraint  to  the  effective  manage  men*'  of  build:: 
space.  The  means  and  standard  deviations  of  responses 
these  questions  are  restated  below. 


s  t  ion 

Mean 

Std  de 

44 

5  .  605 

1.625 

45 

6.235 

1  .  394 

46 

4.919 

1  •  960 

47 

5 . 738 

1.619 

43 

3 .347 

2.07? 

50 

4 . 933 

1.342 

c; 

■j  j. 

4  .  200 

1  .  376 

Research  Objective  6_. 

Construct  a  list  of  planning  factors  involved  in  the 
redistribution  of  building  space. 


Questions  54  to  61  required  an  agree-disagree  response 
to  assess  whether  respondents  felt  the  statements  identified 
planning  factors  which  are  or  should  be  used  when 
redistributing  building  space  between  users.  The  means  and 
standard  deviations  of  these  responses  are  restated  below. 


Mean 


Std  dev 


Question 


54  . 

Need  for  proximity 

5.651 

^  cno 

55  . 

Mod  i  f  ica t ions  are 
more  economical  than 
new  construction 

4 . 558 

1.656 

56  . 

Maximize  net  usable  space 

5  .  884 

1.323 

57  . 

Minimize  future  extension/ 
modification  costs 

6.151 

1  .  260 

58  . 

Open  plan  design 
enhances  flexibility 

6.047 

1.308 

59  . 

Use  open  plan  design 
wherever  possible 

5.424 

1.930 

60  . 

Maximize  the  orderly 
flow  of  personnel 

6 . 558 

1.058 

61  . 

Satisfy  requirement 
as  quickly  as  possible 

5.919 

1.573 

A  paired  samples  comparison  of  the  mean  responses  to 
questions  58  and  59  was  made.  It  was  hypothesized  that  the 
means  are  equal,  the  alternate  hypothesis  being  that  they  are 
unequal.  The  result  is  shown  below. 


Question 


Number  o f  Mean 

Responses  to 
both  questions 


58.  Open  plan  designs  maximize 
the  ease  of  performing 
future  rearrangements. 

85 

59.  Open  plan  designs  should  be 
used  for  office  and  work, 
areas  wherever  possible. 


6.047 


5.423 


t=  4.07 


Probability,  p=  0.000 


As  p<0.1  the  hypothesis  is  rejected  at  the  0.1  level. 


Quantitative  planning  factors  were  sought  by  questions 
52  and  53.  The  means  and  standard  deviations  of  the 
responses  to  these  questions  are  restated  below. 


Ques t ion  Mean  Std  dev 

52.  "Net  office"  area/personnel  4.680  1.225 

ratio  for  design  of  new 

office  accommodation. 

53.  "Net  office"  area/personnel  4.627  1.459 

ratio  for  redesigning 

existing  facilities  as  offices. 


where 

the  scale  used  was: 

1 . 

Less  than  75  SF 

4  . 

85  SF 

2  . 

75  SF 

5. 

90  SF 

3  . 

80  SF 

6  . 

More  than  90  SF 

Comparison  of  these  two  means  using  a  paired  samples  t-test 
resulted  as  follows: 


Factor 


'Net  office'  area/person 
ratio  used  for  new  design 

'Net  office'  area/person 
ratio  used  for  redesign 


Number  of  Mean 

Responses  to 
both  questions 

4.726 

73 


4.616 


t  =  1.00  Probability,  p  =  0.321 


As  p>0.05,  there  is  insufficient  evidence  to  reject,  at  the 
0.1  level,  the  hypthesis  that  the  two  ratios  are  equal. 
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Questions  6  2,  63,  65  ,  66 ,  67,  and  62  requested  an  -agree 

disagree  response  on  steps  that  may  be  taken  by  BCE 


organisations  to  satisfy  a  new  requiremen 
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Real  Property 


Check  requirement 
against  AFM  86-2 


5  .  9C 6 


Cost  analysis  o. 
a ^ ter natives 


A  A  A 

‘t  .  •!  4  - 


2.05; 


Satisfaction  from 
within  existing 


5.31 


Site  visit  to  assess 
suitability  of 
proposed  space 

? a  r  *  i  c  i  pa  t  io r.  o  f  ;.;er 

i  r*  GpaCG  3u  1  -  G  i  i.  1  _  y 


S  .  3  14 


6.412 


Four  possible  criteria  which  might  be  used  to  make 
decisions  on  whether  to  lease,  renovate,  or  construct  a 
facility  in  order  to  satisfy  a  space  requirement  were 
cr oss t abu 1  a  ted  with  the  sub -populat  ions .  The  following 
contingency  table  was  produced. 


Decision-making  Criteria 


Cost 

Anal ys is 

Funds 

Source 

Base 

Politics 

Mission 

Ful f i 1 lment 

ROW 

TOTALS 

Design 

5 

11 

9 

7 

32 

(  40%) 

Real 

Prop 

11 

6 

9 

22 

48 

(  60%) 

COL 

TOTALS 

16 

(20.0%) 

17 

(21.3%) 

18 

(22.5%) 

29 

(36.3%) 

80 

( 100% ) 

The  Chi-square  statistic  and  associated  probability  were: 

Chi-square  =  8.8756  Probability,  p  =  0.0643 

As  p < 0 .  1 ,  the  hypothesis  that  the  perception  of  the  most 
important  decision-making  criterion  is  independent  of  the 
sub -popu 1  a t ion  is  not  rejected  at  the  0.1  level. 

Comments  by  Survey  Questionnaire  Respondents .  Comments 
were  sought  periodically  throughout  the  questionnaire.  A 
selection  of  those  received  are  in  Appendix  I. 

MA JCOM  Responses  to  Survey  Letter 

From  12  MAJCOMs  surveyed,  one  (HQ  AFCC)  sent  a  nil 
response  due  to  a  lack  of  knowledge  by  the  author  that  that 
Command  did  not  exercise  direct  control  over  any  USAF  bases. 
Written  responses  were  received  from  HQ  TAC/DE,  HQ  USAFE/DE, 
HQ  SAC/DE,  HQ  ATC/DE,  and  HQ  AFSC/DE,  and  an  invitation  was 
extended  by  HQ  AFLC/DE  for  the  author  to  conduct  a  series  of 


informal  interviews  in  lieu  of  a  written  response. 


Responses  by  MAJCOM/DEs  to  each  of  the  questions  in  the 


Appendix  F  letter  are  listed  in 
questions  were  answered  by  each 
some  of  the  responses  have  been 


Appendix  J  . 
MAJCOM.  Due 
paraphrased . 


Not  all 
to  their 


length 
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V .  Analysis  a nd  Discussion 


Chapter  Over v iew 

This  chapter  contains  an  analysis  of  the  data  collected 
by  the  survey  questionnaire  and  the  survey  letter  to 
MAJCOM/DEs.  Each  research  objective  is  analyzed  separately, 
and  analysis  is  based  largely  on  the  results  of  the  SPSS 
procedures  described  in  Chapter  III.  MAJCOM  responses  are 
discussed  in  relation  to  each  objective  where  applicable,  m 
order  to  establish  agreement  or  disagreement  between  MAJCOMs 
and  between  MAJCOMs  and  bases  regarding  actual  Air  Force 
Civil  Engineering  (AFCE)  practices  in  space  planning  and 
space  management. 

Research  Obj  ect  i  ve  1. 

Determine  what  methods  are  currently  being  used  by 
facility  designers  and  planners  in  AFCE,  RAAF,  and 
civilian  organizations,  to  design  efficient  building 
layouts  and  to  manage  a  facility's  space  throughout  its 
design  life. 

Chapter  II  reviewed  space  planning  and  space  management 
techniques  developed  and  used  by  academ  ic  lans ,  A-E  firms,  >n 
other  organizations.  The  more  complex  design  techniques  ire 
computer  oriented,  due  to  the  repetitive  and  rigorous 
mathematical  requirements  of  satisfying  many  functional 
relationships  and  other  criteria  when  positioning  and 


dimensioning  floor  spaces . 


The  responses  to  the  letter  sent  to  MAJCOMs  (Appendix  J) 
indicate  that  BCE  personnel  do  not  have  a  great  deal  of 
expertise  m  planning  layouts  systematically,  and  that  A-E 
firms  are  usually  contracted  for  this  purpose  if  required. 
Most  MAJCOMs  indicated  that  some  of  their  bases  had  acquired, 
or  were  in  the  process  of  acquiring,  CAD  systems.  However, 
none  indicated  that  the  systems,  whether  Intergraph  or  a  PC 
based  system  such  as  CadKey  or  AutoCAD,  were  being  used  for 
space  planning  purposes. 

MAJCCMs  lack,  specific  knowledge  on  the  application  of 
these  systems  by  BCEs  for  architectural  design.  HQ  TAC  alone 
advised  that  none  of  its  bases  use  CAD  for  floorplan  layout 
Also,  no  M ACCOM  indicated  any  plan,  intent,  or  need  to 
introduce  CAD  as  a  WIMS  application  package,  although  they 
accept  and  promote  the  purchase  and  use  of  stand  alone  CAD 
systems  and  CAD  software  for  WANG  computer  hardware. 

The  survey  questionnaire  responses  in  Chapter  IV 
indicate  that  although  50  percent  of  the  respondents  have 
laid  out  floor  plans  for  buildings  us.ng  bubble  diagrams, 
relationship  charts,  or  definitive  designs,  less  than  6 
percent  (all  architectural  design  personnel'  have  used  CAD 
for  this  purpose  (Tables  X  and  XI  t  .  This  result  supports  *  he 
MAJCOM  feeling  that  CAD  is  not  used  by  AF^E  personnel  for 
space  planning. 

As  for  space  management  ,  HQ  ATr'  i r.d  HQ  AFC1''  t  eo:: gn  .  re 
that  A-E  firms  have  expertise  in  conduc*-  ir.g  large  sea  1  e  space 


surveys,  but  HQ  ATC  indicated  that  base  personnel  can 
adequately  conduct  such  surveys,  assess  space  requirements, 
and  reallocate  space  according  to  base  priorities.  Most 
MAJCOMs  indicated  that  although  Real  Property  personnel  in 
3CE  organizations  have  the  expertise  to  do  such  surveys, 
manpower  availability  restricts  their  efforts  to  the  support 
of  specific  projects,  primarily  weapons  systems  be d-d owns. 

HQ  USAFE  alone  indicated  that  if  had  a  program  for  monitoring 
facility  utilization  on  its  bases  on  a  regular  basis. 

Responses  to  questions  10,  14,  and  16  of  the  survey 

questionnaire  'see  Chapter  IV)  indicate  that  respondents 
believe  BCE  organizations  generally  manage  facility  space 
usage  well  despite  the  numerous  comments  (listed  :n  Appendix 
I'  that  Real  Property  sections  are  undermanned  and  lack  the 
resources  to  undertake  regular  utilization  surveys. 

The  reliance  of  Design  and  Real  Property  Chiefs  on 
intuition  and  experience  when  planning  floor  layout.-  was 
compared.  The  results  indicated  that  Design  Chiefs  do  no* 
rely  significantly  less  or.  irtuitcn  than  do  Peal  Property 
"h i e t r 

The  perceptions  of  Design  and  Real  Property  Chiefs 
regarding  the  level  of  responsibility  held  by  Real  Property 
Dec* ions  for  *  he  redesign  of  ex  is*  ing  facil  ity  2  ayou  t  c  were 
•'ompared  The  result  indicated  f  h  a  *  Design  Chiefs  perceive 
*  he  Re  a  1  Proper*-/  Dec*  .  .  r.  i:  hiving  i  .  i  gn  ;  f  i  cant  1  y  lower 
r  e  :kj  r.s  i  o  i  1  i  *  y  for  r  odes  :  uning  floor  layouts  for  existing 


facilities  than  is  perceived  by  Real  Property  Chiefs.  The 
low  combined  mean  response  signifies  that  Real  Property 
Sections  generally  have  a  low  degree  of  responsibility  for 
this  activity. 

The  perceptions  of  Design  and  Real  Property  Chiefs 
regarding  the  level  of  assistance  given  by  architects  with! 
the  Design  Section  to  Real  Property  personnel  when 
redesigning  existing  facility  floor  layouts  were  compared. 
The  result  indicates  that  Design  Chiefs  and  Real  Property 
Chiefs  have  similar  perceptions  of  the  level  of  assistance 
given.  The  mean  response  is  greater  than  4.0,  signifying 
that  respondents  agree  that  Design  Section  assistance  is 
given.  This  result,  combined  with  the  result  of  the  previo 
test,  indicates  Design  Sections  generally  hold  more 
responsibility  for  redesigning  floor  layouts  for  existing 
facilities,  in  support  of  renovation  and  relocation  protect 
than  do  Real  Property  Sections. 

33.7  percent  of  the  population  use  primarily  intuition 
and  experience  to  design  f loorplans;  that  is,  no  'method'  a 
all  Table  X).  Design  tools  used  by  the  population  in 
floor  pi  an  layout  are,  in  order  of  preference:  Bubble 
Diagrams,  Relationship  Charts,  and  Definitive  Designs.  "71.0 
design  tools  were  cross  tabulated  with  the  two  sub- 
populations.  The  results  indicate  that  there  is  no 
relationship  between  the  sub-population  and  the  design  tool 
preference,  or  that  they  are  statistically  independent 


The  use  of  computers  by  AFCE  personnel  in  floorplan 
layout  is  almost  non-existent.  Table  XI  shows  only  three 
respondents  (all  Design  Chiefs)  have  used  computers  for  this. 
None  have  used  linear  programming  techniques,  and  only  five 
have  ever  used  a  CAD  software  package.  As  75  percent  of  the 
contingency  table  cells  had  frequencies  less  than  five,  the 
Chi-square  statistic  and  associated  probability  cannot  be 
used  to  indicate  the  presence  of  a  relationship  between  sub¬ 
population  and  the  use  of  computers  for  space  planning.  The 
result  of  this  test  is  not  valid  and  is  not  reported. 

Methods  used  by  ECEs  to  assess  whether  space  is  utilised 
effectively  in  facilities  are  shown  in  Table  IX.  The  two 
most  common  methods  are:  1)  a  straight  comparison  of  known 
building  occupancy  with  the  space  allowances  of  AFM  86-2,  and 
?)  subjective  assessments  made  by  BCE  personnel  by  visiting  a 
building. 

The  two  sub-populations  were  cr o s s tabu  1  a  ted  with 
possible  methods  perceived  by  personnel  as  being  used  to 
assess  the  e f fecti veness  of  a  facility's  space  utilization. 
The  results  indicate  a  relationship  between  the  sub¬ 
population  and  the  perceived  method  used,  or  that  they  are 
statistically  dependent  at  the  0.1  level.  This  result  not 
only  shows  which  methods  Real  Property  personnel  actually 
use,  but  also  that  Design  Chiefs  may  not  a1!  be  fully  aware 
of  how  utilization  is  assessed  at  their  bases. 
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Research  Ob  j  ect  ive  2_ 

Determine  the  effectiveness  of  such  methods  [of  space 
planning  and  space  management],  and  make  recommendations 
to  assist  AFCE  in  making  the  most  of  its  building  space 
resources . 


The  data  indicates  a  mean  building  space  surplus  per 
base  of  less  than  20,000  square  feet.  The  accuracy  of 
responses  to  this  question  depends  upon  the  accuracy  of  the 
data  kept  in  the  BCE  records.  If  underutilized  space  is 
considered  as  partially  surplus  to  the  user's  requirements 
then  the  accuracy  of  real  property  data  on  surplus  space 
depends  on  the  capability  of  Real  Property  personnel  to 
assess  utilization. 

It  was  generally  agreed  that  assessing  utilization  of  a 
facility's  space  is  difficult.  This  casts  some  doubt  on  the 
accuracy  of  building  space  surpluses  reported. 

The  measure  used  to  assess  a  base's  effectiveness  at 
utilizing  its  building  space  was  not  reliable,  even  after  one 
variable  was  withdrawn.  This  indicates  either  a  bad  choice 
of  survey  questions  aimed  at  measuring  effectiveness  or  that 
this  construct  is  difficult  to  measure.  The  measure  was  used 
despite  its  unreliability. 

There  is  a  significant  difference  between  the  two  sub¬ 
populations'  perceptions  of  the  effectiveness  of  their  base's 
space  utilization  measured  by  both  the  multiple  item  measure 
i.'.  5  the  self-rated  measures.  These  results  indicate  that 
■■■>.  Property  Chiefs  perceive  their  bases'  space  utilization 
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effectiveness  to  be  higher  than  is  perceived  by  Design 
Ch  ie  f s . 

No  difference  was  indicated  in  the  perceptions  of  the 
two  sub-populations  on  the  effectiveness  of  facility  space 
utilization  Air  Force  wide.  While  both  sub-populations 
perceive  that  their  bases  manage  building  space  better  than 
do  other  USAF  bases,  either  Design  Chiefs  tend  to  underrate 
or  Real  Property  Chiefs  tend  to  overrate  their  own  bases' 
e  f  f ect iveness . 

The  comparison  of  respondents'  preferred  methods  for 
assessing  a  facility's  space  utilization  does  not  indicate 
any  difference  in  the  effectiveness  of  the  methods.  This 
suggests  that  the  choice  of  method  does  not  affect  a  base's 
space  utilization  effectiveness. 

The  comparison  of  respondents'  preferred  space  planning 
design  tool  indicates  at  least  two  of  the  group  means  are 
statistically  different.  This  suggests  that  the  choice  of 
design  tool  for  laying  out  floorplans  does  have  some  impact 
on  the  effectiveness  of  a  base's  efforts  to  utilize  its 
building  space  well.  The  tool  resulting  in  the  highest 
effectiveness  cannot  be  determined  from  this  result. 


Research  Ob  j  ective  3. 


Gather  perceptions  of  AFCE  facilities  design  and  real 
property  planning  personnel  on  the  comprehensiveness, 
accuracy,  and  accessibility  of  the  data  that  is 
collected  to  manage  the  utilization  of  building  space, 
and  determine  if  there  is  a  relationship  between  these 
factors  and  the  effectiveness  of  their  efforts. 
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The  measures 


and 


of  real  property  data  ccmprehens iveness 
accuracy  proved  to  be  unreliable,  by  Steel's  heuristic  'Table 
II).  The  measure  of  accessibility  proved  'fairly'  reliable. 

Using  these  measures,  the  comparison  of  Design  and  Real 
Property  Chiefs'  perceptions  of  real  property  data  indicates 
that  Design  Chiefs  perceive  it  to  be  significantly  less 
comprehensive,  accurate,  and  accessible  than  do  Real  Property 
Chiefs. 

The  observed  Pearson  correlation  coefficients  (r)  that 
were  generated  between  the  measures  of  effectiveness  and 
comprehensiveness,  accuracy,  and  accessibility  must  be 
analyzed  in  conjunction  with  the  reliabilities  of  these 
measures.  Using  the  method  of  correction  for  unreliability 
of  measures  outlined  by  Stone  (56:50),  the  'true'  correlation 
coefficients  are  as  follows: 


Observed 

Corr 

True 

Corr 

Effect iveness 

with 

comprehensiveness 

0  .  36 

0  .  69 

Effect iveness 

w  i  th 

accuracy 

0.46 

0.92 

E  f  feet iveness 

with 

access ibil ity 

0.42 

0  .  74 

According  to  Davis'  rule  of  thumb  guide  in  Table  III, 
the  relationships  between  effectiveness  and 

comprehensiveness,  and  effectiveness  and  accessibility,  can 
be  classified  as  'strong'.  The  relationship  between 
effectiveness  and  accuracy  can  be  classified  as  'very 
strong'.  This  indicates  that  one  way  to  increase  the 


effectiveness  of  building  space  utilization  is  to  improve  the 
comprehensiveness,  accuracy,  and  accessibility  of  the  BCE's 
real  property  data. 

The  comparison  of  the  types  of  real  property  database 
automation  used  by  the  organization  (that  is,  WIMS,  BEAMS, 
DBMS  software  on  Personal  Computer,  and  Manual  Records) 
indicates  no  significant  differences  in  the  space  utilization 
effectiveness  or  the  perceived  comprehensiveness,  accuracy, 
and  accessibility  of  the  real  property  database  as  a  result 
of  the  use  of  any  method. 

Research  Objective  4_ 

Determine  who  actually  controls  the  utilization  of 
building  space  on  USAF  installations.  What  roles  do  the 
Base  Civil  Engineer  (BCE)  and  the  Facilities  Board  (FB) 
have  in  this  task?  Do  unit  commanders  manage  the  use  of 
space  within  their  own  allocated  buildings,  or  is  this 
function  also  performed  centrally  to  coordinate  ail  base 
requirements? 

The  measure  constructed  for  determining  the  extent  of 
BCE  control  over  space  allocation  within  base  facilities 
proved  to  be  unreliable,  using  Steel's  heuristic  (Table  II). 
While  proving  'fairly'  reliable  for  Design  Chiefs'  responses, 
it  proved  totally  unreliable  for  Real  Property  Chiefs' 
responses.  Nevertheless,  it  was  used  in  subsequent 
statistical  tests. 

The  comparison  of  Design  and  Real  Property  Chiefs' 
responses  for  this  measure  indicates  that  there  is  no 
significant  difference  in  the  perceptions  of  Design  and  Real 
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Property  Chiefs  regarding  the  level  of  BCE  control  over 
facility  space  allocation  on  rJSAF  bases. 

The  Pearson  correlation  coefficient  between  the  measure 
of  BCE  control  over  space  allocation  and  the  measure  of 
base's  effectiveness  in  utilizing  its  building  space  was 
examined  with  respect  to  the  unreliability  of  both  measures. 
Correcting  the  correlation  to  allow  for  the  unreliability  of 
the  two  measures,  using  the  technique  outlined  by  Stone 
(56:50),  returned  a  'true1  correlation  of  -0.0005.  This 
result  indicates  no  relationship  using  Davis'  heuristic 
(Table  II ) . 

The  high  mean  response  to  question  31  indicates  that 
major  facility  users  are  reasonably  free  to  decide  how  they 
will  use  their  allocated  space.  This  suggests  that  Facility 
Boards  delegate  the  responsibility  of  ensuring  effective 
utilization  of  facility  space  to  unit  commanders. 

Research  Objective  5_ 

Determine  what  constraints  there  are  to  the  effective 

management  of  building  space. 


The  low  mean  response  to  question  48  indicates  that 

t;.-"  building  habitability  is  not  considered  a  constraint.  For 

'S' 

ri:  the  other  questions,  responses  indicate  that  they  are 


following,  in  descending  order  of  agreement,  to  be 
constrain*' s  to  the  effective  management  of  building  space: 

1.  the  relative  availability  of  Operations  and  Maintenance 
(O&M)  funds; 

2.  the  lack  of  funds  for  modifications  required  to  better 
utilize  surplus  space; 

3.  the  difficulty  in  physically  separating  surplus  space 
from  a  user's  approved  space  allocation; 

4.  the  disruption  of  user  operations  during  rearrangement 
and  renovation;  and 

5.  the  difficulty  in  assessing  the  effectiveness  of  a 
facility's  utilization. 

From  the  written  comments  received  both  from 

questionnaire  respondents  and  MAJCOMs,  it  was  apparent  that 

there  was  strong  support  for  including  the  lack  of  manning 

Real  Property  Sections  as  a  constraint  to  effective 

management  of  facility  space. 

Research  Objective  6_ 

Construct  a  list  of  planning  factors  involved  in  the 
redistribution  of  building  space. 

The  responses  to  survey  questions  which  sought  to 
establish  planning  factors  which  are  or  should  be  used  when 
redistributing  building  space  between  users,  identified  the 
following  factors  in  descending  order  of  importance: 

1.  the  orderly  flow  of  personnel  through  a  facility; 

2.  minimization  of  potential  costs  of  future  extensions  or 
modi f ica  t ions ; 

3.  the  use  of  open  plan  designs; 


"t 


t  h  a  t 


and 


rcnstruct  ion  methods  that  increase  flexibility 
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survey  questions  which  dealt  with  open  plan  design  as  a 
planning  tool  for  space  redistribution  (Questions  58  and  59) 
was  interesting.  It  indicates  a  statistically  significant 
difference  between:  1)  the  level  of  recognition  by  the 

population  that  open  plan  design  enhances  flexibility,  and 
2'  the  willingness  of  the  population  to  use  the  concept 


wherever  possible. 

Responses  to  the  two  quantitative  planning  factor 
questions  indicate  that  the  'net  office'  area  per  person 
ratios  used  when  designing  new  office  accommodation  and  when 
redesigning  existing  facilities  as  offices  are  both  within 
the  limits  of  80-90  SF  set  by  AFM  86-2,  Chapter  13.  The 
factor  used  for  redesigning  existing  spaces  as  office 
accommodation  is  slightly  lower  but  has  a  greater  variability 
than  that  used  for  designing  new  office  accommodat ion .  This 
indicates  that  AFM  86-2  may  not  be  seen  as  being  as 
mandatorily  applicable  to  redesign.  This  may  be  caused  by 
the  additional  constraints  placed  on  designing  renovations  by 
the  characteristics  of  existing  spaces. 

The  result  of  the  paired  samples  comparison  the  two  'net 
office'  area  per  person  ratios  indicates  no  statistically 
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3  igni  f  uar.*;  d :  f  ferer.ce  between  that  ;.n?  J  when  des  igning  new 
:ffn:e  accomrr.oda  t  i  an  and  that  used  when  redesigning  existing 
facilities  as  offices. 

The  M ACCOM  responses  to  the  survey  letter  indicate  the 
AFM  36-2  guidelines  are  supported  by  MAJCOMs.  However,  they 
also  indicate  that  where  open  planning  and  systems  furniture 
are  used  in  office  accommodation,  the  area/personnel  ratios 
should  be  decreased  below  the  guidelines  in  accordance  with 


Engineering  Technical  Letter  86-12,  Pre-wired  Work.  Stations 
and  Systems  Furniture.  This  may  have  caused  both  ratios  to 
be  lower  than  90  SF,  the  upper  limit  set  by  AFM  86-2. 

Research  Objective  7 

Determine  what  effort  is  actually  made  to  consider  the 
possible  reallocation  and/or  rehabilitation  of  existing 
building  space  as  an  alternative  to  new  construction. 

Responses  to  the  survey  questions  which  sought  to 
identify  steps  that  are  taken  by  BCE  organizations  to  satisf 
a  new  requirement  for  building  space  indicate  that  the  most 
common  steps  are,  in  descending  order: 

1.  Inclusion  of  the  prospective  user  of  a  space  in  the 
assessment  of  its  suitability  for  his  requirement; 

2.  Visiting  a  building  before  assessing  its  suitability  to 
fulfil  a  requirement; 

3.  Checking  of  the  requirement  against  AFM  86-2  allowances 
to  determine  its  validity;  and 

4.  Attempting  to  satisfy  the  requirement  from  within 
existing  facilities  before  recommending  new 

cons  truct ion . 
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From  this  result 


it  appears  that  customer  service  rank 
high  in  the  BCE's  priorities  when  satisfying  requ  iremer. * f 
building  space.  It  appears  that  cost  analyses  of  al ternat  i 
means  of  satisfying  the  requirement  (that  is;  leasing, 
renovation,  new  construction,  compression  of  other  function 
are  conducted.  However,  this  step  is  not  regarded  as  being 
as  important  as  any  of  the  other  steps  suggested  by  the 
author . 

The  crosstabulation  of  decision-making  criteria  with 
sub -populat ion  indicates  that  the  criterion  considered  to  b 
most  important  when  deciding  how  to  best  satisfy  a  space 
requirement  is  statistically  dependent  on  the  sub¬ 
population.  The  criterion  seen  as  most  important  is  'Missi 
Fulfillment',  which  indicates  mission  requirements  have  a 
greater  influence  over  these  decisions  than  cost  or  base 
politics. 

This  supports  the  MAJCOM  responses  in  Appendix  J. 
However,  the  modal  response  for  Design  Chiefs  was  the 
relative  availability  of  MCP  and  O&M  funds.  This  may 
indicate  Design  Chiefs  are  more  con-erned  with  the 
practicalities  of  ensuring  a  project  can  be  funded  than  are 
Real  Property  Chiefs. 
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71  .  Summar  y  ,  Co  nc  I  us  1  ons  a  nd  Recommends  t_i_j  r  s 

Chapter  Overv  lew 

This  chapter  summarizes  the  main  points  of  this  study 
and  draws  conclusions,  from  the  literature  review  and  data 
analysis,  about  the  space  planning  and  space  management 
practices  of  the  RAAF  and  USAF.  It  contains  recommendations 
for  changes  to  the  space  planning  policies  and  practices  cf 
both  the  RAAF  and  USAF  to  improve  facility  utilization  and 
minimize  new  construction.  Conclusions  and  recommendations 
on  RAAF  practices  are  based  on  lessons  learned  from  the 
analysis  of  USAF  methods  and  on  the  author’s  subjective 
comparison  with  RAAF  methods.  Recommendations  for  further 
research  on  both  RAAF  and  USAF  practices  are  also  suggested. 

Conclusions 

RAAF .  No  specific  data  was  collected  on  actual  space 
management  practices  at  different  RAAF  bases,  but  a  review  o 
regulations  and  guidelines  for  facility  design  and  for  Rea' 
Property  Accounting  was  made  in  Chapter  II.  Conclusions  are 
based  on  this  review,  the  review  of  non-military  literature, 
and  the  author's  personal  knowledge  of  practices. 

Prior  to  the  design  of  a  RAAF  facility.  Air  Force  Off;c 
rAFO)  project  officers  from  the  Director-General  Facilities 
Air  Force  (DGF-AF)  construct  Bubble  Diagrams  and 'or 
Relationship  Charts  as  part 


of  the  Functional  Design 


Brief 


FOB  •  process.  These  pr  ::v:  je  des  ign  guidance  to  Department 
•:  f  dousing  and  Construct  :  ;r  DHC  '  architects  when  1  ay  i  rag  cut 
facility  floor  plans.  Design  of  government  buildings  is  a 
DHC  responsibility  and  no  further  input  at  this  stage  by  a 
client  Department  is  considered  appropriate.  However,  the 
formulation  of  these  diagrams  and  charts  is  an  important  part 
of  the  client's  brief  to  DHC  as  they  describe  the  intended 
operation  of  the  facility  by  the  user. 

There  is  no  instruction  on  the  use  of  Bubble  Diagrams 
and  Relationship  Charts.  Most  Facilities  Officers  are  civil 
engineers  and  the  only  architectural  expertise  they  have  is 
acquired  on  the  job.  As  a  result,  the  best  use  of  these 
powerful  design  tools  is  often  not  made.  Space  needs  are  not 
always  assessed  accurately  from  user  input,  especially  where 
equipment  purchases  are  involved  from  another  funding  source 
and  equipment  details  such  as  dimensions,  weight,  and  utility 
requirements  are  not  known.  Functional  relationships  and 
lines  of  written  and  oral  communication  between  unit 
personnel  are  not  always  established  accurately  at  this 
stage . 

DHC  architects  do  not  appear  to  use  any  particular 
design  method  such  as  Systematic  Layout  Planning  ( SLP ) , 
computer  space  planning  programs,  or  CAD.  Design  reviews 
between  DHC,  DGF-AF  Project  Officers,  AFC  specialist 
Officers,  and  prospective  base  facility  users  :  f*:en  lead  r  n 
substantial  reconfiguring  of  preliminary  floor  layouts. 
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‘hero ugh  '.;;e:'J!rier.-  of  space  requirements,  •jetermir.utron  j: 
relationships,  and  knowledge  of  the  SL?  process  by  DGF-AF 
project  officers  would  ensure  that  DHC  architects  have  an 
accurate  perception  of  the  RAAF's  intended  operations  within 
a  facility.  It  would  also  give  DGF-AF  greater  control  over  a 


building's  design  by  permitting 


architectural  1 


Master  Planning  of  PAAF  Bases  is  also  a  DHC 
responsibility,  although  DGF-AF  provides  guidance  on  the 
long-term  facilities  requirements  and  developmental  criteria. 
Future  requirements  are  usually  descriptive  only,  with  little 
quantitative  forecasting  of  personnel  numbers  and  facility 
space  needs.  Space  surveys  are  not  a  requirement  of  Master 
Planning  exercises  although  recommendations  are  made  cn  the 
Master  Plan  drawings  as  to  which  existing  facilities  should 
remain  and  which  should  be  demolished  within  the  specified 
developmental  time  frame. 

A  PAAF  Base's  annual  Facility  Usage  Schedule  is  the  only 
document  produced  which  progressively  reports  facility 
utilization.  No  breakdown  of  space  is  reported,  there  is  no 
indication  of  how  effectively  the  space  is  being  used,  and  no 
assessment  of  space  which  is  surplus  to  valid  user 
requirements.  There  is  thus  no  database  of  existing  or 
underutilized  space  which  can  be  called  upon  to  forma  1 i *  o  and 
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familiarity  with,  facility  utilization  at  that  parti 


base 


Most  bases  have  no  Facilities  Board  to  control 


utilization  and  allocate  space.  Base  management  in: 
requests  for  the  'change  in  use'  of  a  facility,  but 
must  approve  them.  Base  Facilities  Officers  must  ob 
support  of  their  Commanding  Officers  (and  sometimes 
Command  staff  and  DGF-AF  himself)  to  have  space  real 
from  one  unit  to  another  if  mis-use  or  underutil izat 
suspected.  The  RAAF  has  no  usable  space  management 
guidelines  or  procedures. 

U S A F .  The  USAF  is  responsible  for  the  arch: tec 
design  of  its  facilities  and  for  the  Comprehensive  ? 
of  its  bases'  long  term  faoil  :t:es  development .  Alt 
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for  the  actions  of  their  staffs  in  the  design  of  Air  Force 
facilities  and  in  managing  Air  Force  facility  space.  These 
conclusions  are: 


ven  though  Bubble  Diagrams,  Rel ationsni 


and  AFM  2S-2  definitive  drawings  are  considered  design  tool 
they  are  widely  used  by  both  Design  and  Real  Property 
personnel  (53  percent)  when  laying  out  floorplans  for  new 
facilities  and  when  renovating  or  reallocating  space  within 
existing  facilities.  Real  Property  personnel  do  participat 
in  designing  new  floor  layouts  for  existing  facilities  and 
perceive  themselves  as  having  a  significantly  greater 
responsibility  for  this  activity  than  do  Design  personnel. 

2.  About  40  percent  of  the  population  rely  or.  Ir.t 
and  experience  to  create  floorplans.  However,  r.o 

was  found  to  suggest  that  Real  Property  personnel  • 

this  task,  any  more  intuitively  than  2c  Do:;:  ::.  :  .  ■ 

3.  Although  widespread  in  A -E  firms  c 
institutions,  computers  are  not  widely 
planning  purposes.  Possible  r°v  •, 

1  ;  a  lack  of  knowledge  of  i  •  •  i  .  1  s h  '  • 


space  planning  programs 
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designers;  and  3)  a  lack  of  interest  of  personnel  to  develo 
an  expertise  in  this  specialized  area. 

4.  There  is  no  evidence  that  the  choice  of  floorplan 
layout  design  tool  used  at  a  base  is  an  indicator  of  hew  wel 
building  space  is  used.  However,  there  is  evidence  that  the 
choice  of  utilization  data  gathering  and  assessment  method 
affects  how  well  space  is  utilized.  This  research  did  not 
establish  which  methods  lead  to  the  most  effective 
utilization  of  facility  space. 

5.  Design  and  Real  Property  personnel's  perceptions  of 
methods  used  to  track  and  assess  how  effectively  space  is 
used,  are  signi f icantly  different.  Real  Property  personnel 
actually  perform  this  activity  and  should  therefore  present 
the  more  accurate  picture  of  methods  used.  It  appears  then 
that  some  Design  Chiefs  may  not  take  an  active  interest  in 
the  long  term  effective  use  of  a  facility’s  space. 

6.  Design  and  Real  Property  personnel  agree  that  the 
ef fectiveness  of  a  user's  utilization  of  a  facility  is 
difficult  to  assess.  There  is  considerable  support  within 
both  groups  and  from  MAJCOM/DEs  that  Real  Property  Sections 
generally  lack  the  necessary  manpower  to  accomplish  the 
amount  of  data  gathering  required  to  assess  utilization 
accurately.  While  space  utilization  records  are  kept,  they 
are  not  perceived  as  being  particularly  comprehensive, 
accurate,  or  accessible.  Design  Chiefs  perceive  them  to  be 
significantly  less  comprehensive,  accurate,  and  accessible 


indicates  that  the  data 
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than  do  Real  Property  Chiefs.  This 
gathered  and  reported  by  Real  Property  personnel  on  existing 
facilities  is  seen  as  inadequate  for  use  by  Design  personnel. 

7.  Space  utilization  surveys  are  usually  carried  out 
when  the  need  exists,  usually  to  support  a  proposal  for  new 
construction,  or  to  identify  existing  available  space  that 
may  satisfy  a  requirement.  Base-wide  surveys  are  usually 
carried  out  by  A-E  firms  to  support  Base  Comprehensive 
Planning  studies  or  by  a  Site  Activation  Task.  Force  (SATAF), 
or  similar  Air  Force  team,  to  identify  base  facilities  that 
could  be  surrendered  by  users  to  accommodate  weapons  system 
bed-downs . 

S.  The  AFR  87-2  requirement  that  MAJCOM/DEs  should 
continually  evaluate  the  effectiveness  of  space  utilization 
at  their  bases  and  compress  spaces  assigned  to  activities 
(16:  para  2)  is  not  being  carried  out.  Most  MAJCOMs  feel 
that  this  a  base  responsibility  and  it  is  delegated  to  the 
BCE  and  Facilities  Board. 

9.  Real  Property  personnel  perceive  that  their  bases 
use  their  available  facility  space  more  effectively  than  do 
Design  chiefs.  Either  Design  Chiefs  are  less  informed  on 
this  subject  than  Real  Property  Chiefs  or  the  latter 
exaggerate  their  base's  effectiveness  because  they  are 
responsible  for  tracking  and  assessing  utilization.  Both  the 
objective  and  the  self-rated  measures  indicate  this 


difference , 


Both  groups,  however,  believe  tha 


their  bases 


use  their  space  more  effectively  than  most  other  U3AF  bases. 

10.  The  perceived  comprehensiveness,  accuracy,  and 
access ibil ity  of  a  BCE's  Real  Property  database  all  correlate 
strongly  with  the  effectiveness  of  a  base's  space 


utilization.  This  result  is  not  surprising  as  the  Facility 
Board  relies  on  input  from  the  BCE  to  make  decisions  on  how 
space  should  best  be  used  and  the  BCE's  recommendations  are 
influenced  by  his  utilization  database.  The  survey  data  did 
indicate  that  the  BCE  does  not  have  much  control  over  space 
allocation  but  it  also  indicated  that  the  Facilities  Board 
generally  accept  the  BCE's  recommendations.  There  was  no 
significant  difference  between  Design  and  Real  Property 
Chiefs'  perceptions  of  how  much  control  the  BCE  possesses. 

11.  The  level  of  computerization  of  Real  Property 
records  was  shown  to  have  no  significant  impact  on  the 
effectiveness  of  a  base's  space  utilization.  Also,  bases 
keeping  manual  facility  utilization  records  do  not  perceive 
that  their  data  is  any  less  comprehensive,  accurate ,  or 
accessible  than  do  bases  using  WIMS,  BEAMS,  or  Database 
Management  software  on  a  personal  computer. 

12.  As  a  combined  group.  Design  and  Real  Property 
Chiefs  indicated  that  there  are  constraints  to  the  effective 
management  of  Air  Force  facility  space.  Those  indicated  are: 
1)  Real  Property  manpower  shortages;  2)  the  lack  of  funds 
required  to  modify  existing  spaces  that  are  considered  to  be 
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poorly  utilised;  3)  the  difficulty  in  physically  separating 
space  that  is  assessed  as  surplus  to  a  user's  valid 
requirements,  so  that  it  can  be  reallocated  to  another  user; 
and  4)  The  disruptions  caused  to  users  by  space 
reallocations  and  consequent  building  modifications. 

13.  Open  office  design,  or  Open  Planning,  is  promoted 
by  Air  Force  design  guidelines  as  a  means  of  enhancing 
flexibility,  reducing  long-term  modification  costs,  and 
reducing  overall  administrative  facility  space  requirements. 
While  Open  Planning  is  recognized  by  the  survey  population  us 
greatly  enhancing  flexibility,  their  desire  to  use  this 
concept  in  design  or  redesign  is  s igni f leant ly  less 

enthus iastic . 

14.  Factors  that  are  considered  to  be  important  factors 
when  planning  the  layout  of  new  facilities  and  the 
redistribution  of  existing  space  are:  1)  the  orderly  flew  of 
personnel  through  a  facility;  2)  the  use  of  Open  Planning 
concepts  if  applicable;  3)  the  use  of  construction  methods 
that  increase  flexibility  and  minimize  the  cost  of  future 
modi f ications;  4)  the  speed  advantage  of  renovation  over  new 
construction,  thereby  satisfying  a  user's  requirement  faster; 
5)  functional  relationships  between  activities;  and  6)  the 
cost  advantage  of  renovation  over  new  construction.  This 
should  not  be  taken  as  an  exhaustive  list,  but  no  further 
suggestions  were  offered  by  survey  respondents. 


15.  Area/personnel  ratios  used  as  quantitative  planning 
factors  in  new  facility  design  and  existing  facility 
renovation  are  not  significantly  different.  Soth  fall  within 
Air  Force  design  guidelines. 

16.  When  faced  with  a  requirement  for  building  space 
the  following  steps  that  are  most  commonly  taken  to  satisfy 
it  are:  1)  including  the  prospective  user  in  the  assessment 
of  the  suitability  of  an  available  space  for  his  requirement 
2)  making  a  physical  inspection  of  an  available  space  before 
making  an  assessment  of  its  suitability;  3)  checking  the 
requirement  with  AFM  36-2  to  establish  its  validity;  and 

15  attempting  to  satisfy  the  requirement  from  within  existin 
building  space  before  recommending  new  construction.  These 
were  all  suggested  planning  steps,  agreed  to  by  respondents. 
No  other  steps  were  suggested. 

17.  Fulfillment  of  the  mission  is  seen  as  the  single 
most  important  criterion  in  deciding  how  best  to  satisfy  a 
space  requirement.  It  is  seen  as  generally  more  important 
than  the  availability  of  funds,  comparative  costs  of 
different  alternative  solutions,  and  political  interests  sue 
as  the  equitable  distribution  of  funds  between  units. 

However,  more  Design  Chiefs  see  the  availability  of  funds  as 
being  the  factor  which  most  controls  how  a  requirement  will 


be  srtisfied. 


Recommend at  Lons  for  Action 

RAAF .  Bubble  Diagrams  and  Relationship  Charts  must  be 
generated  by  Facilities  Officers  in  compiling  Functional 
Design  Briefs  (FDBs).  The  RAAF  should  issue  guidance  on  how 
they  should  be  produced  and  how  they  are  used  by  designers  to 
guide  facility  layouts.  The  RAAF  should  standardize  its 
approach  to  determining  the  space  needs  of  new  requirements. 

A  more  definitive  list  of  space  entitlements  for  different 
facility  types  and  more  standardized  functional  relationships 
within  facil ity  types  would  assist  DGF-AF  in  controlling  the 
layout  design  of  common  RAAF  buildings. 

At  the  same  time  the  RAAF  should  approach  DHC  to  agree 
on  either  standard  Australia-wide  facility  designs  for  some 
facility  types  or  standard  interior  design  approaches  that 
best  suit  RAAF  requirements.  At  the  moment,  FDBs  for  similar 
facilities  on  different  bases  often  bear  no  similarity  in  the 
internal  layout  of  activities  and  in  the  areas  allocated  to 
these  activities. 

A  program  of  evaluation,  recording,  and  progressive 
reporting  of  the  effectiveness  of  facility  utilization  is 
required  for  all  RAAF  facilities.  A  database  of  accurate  and 
comprehensive  user  space  entitlements  and  current  space 
allocations  is  required  as  a  decision  aid  for  Facilities 
Officers  to  recommend  redistribution  according  to  base 
mission  requirements.  It  is  also  required  as  a  tool  for 
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generating  and  evaluating  alternative  means  of  accommodating 
new  or  changing  requirements. 

Such  a  database  would  provide  DGF-AF  with  a  stronger 
basis  for  making  decisions  on  how  best  to  utilize  the  RAAF's 
available  facilities.  It  would  enable  his  staff  to 
objectively  evaluate  user  opposition  to  surrendering 
facilities  that  are  required  for  higher  priority  requirements 
or  for  disposal. 

USAF .  Recommendations  for  AFCE  are  directed  at 
MAJCOM/DEs  and  BCE  organizations.  Suggestions  are  made  such 
that  the  effectiveness  of  facility  space  utilization 
throughout  the  Air  Force  can  be  accurately  evaluated  and 
improved.  They  are  as  follows: 

1.  The  ECE  should  ensure  that  requirements  are 
revalidated  immediately  prior  to  design,  and  that  design 
accurately  reflect  the  space  needs  of  the  user  and  functional 
relationships  between  the  user's  activities.  Architectural 
designers  should  use  their  professional  expertise  by  laying 
out  floorplans  systematically,  whether  by  the  SLP  method  or 
by  some  iterative  or  automated  means.  The  theory  of  some  of 
these  available  methods  was  presented  in  Chapter  II  and 
Appendix  E.  The  use  of  systematic  means  will  minimize  the 
wastage  of  space  in  new  facilities,  shorten  lines  of 
communication  between  activities  requiring  higv'  interaction, 
and  minimize  unnecessarily  high  flows  of  personnel  and 
material  through  facilities. 


2.  The  use  of  Open  Office  Planning  is  a  concept 
offering  many  advantages  to  the  Air  Force,  not  only  by 
reducing  administrative  facility  life  cycle  costs  and 
compressing  space  needs,  but  by  providing  facilities  which 
are  more  adaptable  to  changing  mission  requirements.  The 
concept  is  promoted  by  HQ  USAF  through  Air  Force  Regulations 
and  supported  by  MAJCOM/DEs.  BCE  personnel  involved  with  the 
internal  layout  of  new  or  renovated  buildings  should  be 
encouraged  to  research  the  concept  themselves  and  apply  it 
wherever  possible,  in  the  interest  of  long  term  facility 
flexibil ity . 

3.  This  study  showed  that  many  Real  Property  Section 
personnel  are  involved  in  suggesting  new  layouts  for 
facilities  in  order  to  better  utilize  space.  If  they  have 
not  done  so  already,  BCEs  should  give  some  thought  to  either 
divesting  some  of  the  layout  design  responsibility  for 
renovation  projects  from  the  Design  Section  to  Real  Property, 
or  promoting  cooperation  between  them.  Although  they  may  net 
have  had  the  training  that  architects  have  in  this  area,  this 
study  shows  that  they  are  no  less  familiar  with  some  of  the 
design  tools  than  are  design  personnel. 

Real  Property  personnel  have  a  great  deal  of  familiarity 
with  existing  facilities,  have  more  direct  access  to,  and 
familiarity  with,  the  space  utilization  data  that  is 
collected,  and  may  be  fully  capable  of  producing  good 
functional  layout  alternatives  for  facility  renovations  and 
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modification  projects.  They  could  also  conduct  studies  aimed 
at  redistributing  space  throughout  one  or  more  facilities, 
including  the  preparation  of  conceptual  layout  sketches. 

Once  the  layout  has  beei  finalized,  and  evaluated  by 
structural  and  mechanical  design  personnel,  the  architect 
could  prepare  detailed  design  drawings. 

4.  Even  though  BCEs  currently  produce  reports  aimed  at 
progressively  updating  space  utilization  data,  the 
effectiveness  of  a  facility's  utilization  is  neither  assessed 
nor  reported.  Although  a  user  may  be  entitled  to  a  facility 
of  a  certain  size,  his  actual  activities  may  not  require  all 
of  this  space.  It  may  also  be  possible  to  better  arrange  the 
layout  of  these  activities  so  that  his  requirements  can  be 
reduced.  Without  such  an  assessment  no  usable  surplus  space 
will  ever  be  reflected  in  these  reports.  HQ  USAFE’s  program 
(discussed  in  Chapter  II)  is  the  only  one  attempting  to  meet 
this  challenge  head  on. 

5.  In  order  to  best  gauge  the  real  effectiveness  of  a 
user's  facility  space  utilization.  Real  Property  Sections 
need  to  be  manned  appropriately.  One  person,  no  matter  how 
experienced,  cannot  perform  the  task  without  assistance  or 
support.  A  team  of  personnel  is  required  to  assess  each 
facility  on  a  cyclical  basis.  Surplus  or  underutilized  space 
should  be  accurately  recorded.  BCE  reports  to  the  Facilities 
Board  would  be  more  accurate  and  there  would  be  less  pressure 
on  the  BCE  and  Facilities  Board  allocating  space  for  new 
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requirements.  Facility  funds  would  stretch  further  and  some 
requirements  would  be  satisfied  sooner  than  if  new 
construction  was  programmed. 

6.  MAJCOM/DEs  should  be  proactive  in  stressing  the  need 
for  building  space  to  be  utilized  effectively.  They  should 
establish  utilization  assessment  guidelines  and  space  survey 
programs  for  bases  under  their  command,  as  is  required  by  AFR 
37-2,  para  2.  Standard  measures  of  effectiveness  for 
Command-wide  use  should  be  developed  to  permit  progressive 
assessment  of  an  installation's  space  utilization  by 
Inspector  General  (IG)  teams  and  MAJCOM/DEs.  If  MAJCOMs 
believe  there  are  certain  criteria  which  measure 
effectiveness,  then  these  should  be  passed  to  BCE s  for 
guidance.  MAJCOM/DEs  should  also  give  BCEs  their 
interpretation  of  the  AFR  87-2  requirement  for  a  'management 
analysis'  when  it  is  revealed  that  a  facility  is  not  being 
put  to  maximum  use. 


Recommenda t ions  for  Fur ther  Research 

Two  areas  of  research  are  recommended.  First,  there  was 
considerable  difficulty  in  determining  the  measure  of 
effectiveness  for  facility  space  utilization  required  for 
this  study.  This  issue  requires  more  substantial  input  from 
HQ  USAF/LEE,  MAJCOM/DEs,  and  the  Air  Force  Engineering  and 
Services  Center  (HQ  AFESC)  than  was  initially  believed  by  the 
author.  None  of  the  sources  that  were  approached  to  compile 
this  measure  could  give  any  firm  input.  Research  aimed 


used  by  MAJCOMs  and  BCEs  as  a  standard,  weald  be  a  valuable 
contribution  to  AFCE  facilities  management. 

Second,  the  need  for  an  automated  space  planning 
capability  within  AFCE  could  be  researched.  The  United 
States  Army  Corps  of  Engineers  have  used  the  CAEDS  system 
extensively  for  its  MCP  program  (Appendix  E),  and  many  space 
planning  programs  and  Computer  Aided  Architectural  Design 
(CAAD)  software  packages  for  minicomputer  and  personal 
computer  applications  are  available. 

As  much  of  the  Air  Force's  design  work,  for  MCP  projects 
is  contracted  to  A-E  firms,  the  financial  and  training 
commitment  required  to  introduce  such  a  capability  may  net  b 
warranted  for  the  level  of  new  facility  and  renovation  luyou 
work  performed  in-house.  However,  as  interest  in  Computer- 
Aided  Design  (net  only  architectural)  is  growing  within  AFCE 
architects  and  engineers  may  support  the  introduction  of 
automated  space  planning  techniques  on  a  limited  scale. 
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SECTION  1  -  THE  RAAF  FACILITIES  ORGANISATION  AND  FUNCTIONS 

CHAPTER  1 
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INTRODUCTION 

101.  At  Department  or  Defence  (Air  Force  Office),  the  3ranch  of  the  Director 
General  Facilities  -  Air  Force  (DGF-AF)  is  tasked  with  the  administration  of  all 
Facilities  matters  pertaining  to  the  RAAF.  DGF-AF  has  dual  responsibilities,  ie, 
to  Chief  of  Air  Force  Development  (CAFD)  and  to  the  First  Assistant  Secretary 
Facilities  (FASF) .  Administratively,  the  Branch  is  located  within  the  Facilities 
Division  of  Department  of  Defence  (Central).  Its  establishment  comprises  both 
Service  and  Public  Service  personnel  (civil  engineers,  technical  officers, 
draftsmen  and  administrative  staff). 

102.  The  Branch  is  responsible  for  all  programming  aspects,  in  respect  of  New 
Works,  Repairs  4  Maintenance,  Furniture  4  Fittings  and  Property.  Within  these 
responsibilities,  the  Branch  represents  Air  Force  Office  as  the  specialist  on 
Facilities  matters  within  the  Department  of  Defence  forums.  The  3ranch  .is 
involved  with  other  Government  Departments  through  liaison  in  the  normal  course 
of  activities. 

103.  Other  responsibilities  include  the  Master  Planning  of  all  RAAF 
establishments,  the  location,  design,  construction  and  evaluation  of  airfields, 
and  associated  engineering  services. 

104.  The  organisation  of  the  Branch  is  graphically  illustrated  at  Annex  A  and 
a  summary  of  the  duties  and  responsibilities  of  DGF-AF  is  contained  at  Annex  3. 


ORGANISATION 


105.  The  Branch  is  organised  on  a  functional  basis,  comprising  three 

Directorates,  ie: 

a.  Directorate  of  Facilities  Planning  and  Programming  (DFPP).'  This 

Directorate  has4,  three  Planning  Sections  iwFLaNs  ’  k' ,  wplaNS  '  B ' , 
WPLANS  '0')  and  a  Works  Programming  Section  (WPROG).  Within 
designated  geographical  regions,  the  Planning  Sections  are 

responsible  for  the  Master  Planning,  development,  and  co-ordination 

of  staff  work  associated  with  all  Facilities  matters  pertaining  to 

*  the  RAAF  establishments  responsible  within  their  respective  areas. 

The  WPROG  is  responsible  for  the  submission  of  estimates  and  the 
preparation  and  adraini stration  of  financial  programmes  relating  to 
Medium  and  Major  New  Works,  Minor  New  Works,  Repairs  4  Maintenance, 
Acquisitions,  and  Furniture  4  Fittings. 

b.  Directorate  of  Facilities  Engineering  and  Services  (DFES).  This 

Directorate  has  three  Sections:  The  Civil  Engineering  Section 

(WCS),  the  Mechanical  and  Electrical  Engineering  Section  (WMES), 
and  the  Drawing  Office  (WDO). 

c.  Directorate  of  Works  Policy.  This  Directorate  is  responsible  for 

the  formulation  of  works  policy  and  its  promulgation  and 

implementation  through  the  RAAF  Facilities  Manual 
DI(AF)  AAP  3300.001,  Air  Force  Temporary  Instructions  (Facilities) 
and  Air  Force  Facilities  Directives.  The  Directorate  is  also 
responsible  for  the  Branch  administration  including  all  aspects  of 
personnel  management  and  training. 
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Works  Planning  Sections  (WPLANS) 

106.  Each  of  -ha  three  Planning  Sections  is  responsible  for  the  co-ordination 
of  all  Facilities  natters  in  relation  to  the  RAAF  establishments  within  thei 
assigned  geographical  areas  (eg  PLANS  'A*  for  Queensland).  This  include 
participation  in  the  preparation  of  Master  Plans  and  the  formulation  o 
development  proposals. 

107.  Planning  Sections  may  assist  in  the  production  of  AFWRs  and.  at  the 
appropriate  stage  of  procedures.  are  tasked  with  the  preparation  of  the 
Functional  Design  Brief  (FDB)  required  for  all  Medium/Major  New  Works  proposals. 
Where  these  contain  civil,  mechanical  and  electrical  engineering  features,  such 
proposals  are  processed  in  conjunction  with  WCZ  or  WMEE,  as  applicable.  Planning 
Sections  also  evaluate  all  requests  for  repairs  and  maintenance,  housing 
acquisitions  and  disposals.  Where  necessary,  Planning  Sections  participate  in 
deliberations  with  other  Federal  Government  Departments,  State  authorities  and 
Local  Government.  Each  Planning  Section  is  also  responsible  for  the  preparation 
of  Cabinet  Submissions,  and  for  giving  evidence  before  the  ?WC  in  respect  of 
Major  New  Works  proposals. 

108.  wprop  Sub-section.  The  WPROP  Sub-section  is  responsible  for  ail 
property  matters,  including  the  preparation  and  management  of  the  annual 
Acquisitions  Programme  and  maintenance  of  the  Master  Property  Assets  Register. 

“It  also  provides  the  input  for  the  acquisitons  and  leasing  components  of  Air 
force  Office  draft  estimates.  Additionally,  this  Sub-section  is  the  coordinator 
of  all  requests  for  siting  approvals  and  for  the  provision  of  facilities  numbers 
for  all  new  structures. 


Works  Programming  Section  (WPRQG) 

109.  This  Section  is  responsible  for  the  preparation  of  financial  estimates 
in  respect  of  the  Facilities  -  related  votes  and  for  the  preparation  anc 
administration  of  the  annual  programmes  for  Minor/ Medium/Ma jor  New  Works,  R&M, 
Rent  and  Furniture  and  Fittings  (FSF).  WPRCG  also  monitors  the  Acquisition  and 
Housing  Programmes  in  a  coordinating  role  and  is  responsible  for  all  aspects  of 
Defence  housing  pertaining  to  the  RAAF  "in  liaison  with  the  Defence  Housing  3ranch. 


Civil  Engineering  Section  (WC2-) 


110.  This  Section  is  responsible  for  the  management  of  all  civil  engineering 

projects,  R&M  aspects  pertaining  to  such  projects  and  the  provision  of  specialist 
engineering  advice.  The  range  of  activities  include  aircraft  pavements,  aprons, 
roads,  navigation  aids,  bombing  ranges,  water  supply,  sewerage  systems  and 
*amage.  WCE  is  further  tasked  with  the  development  of  new  3ases  (eg,  Tindal) 
~..d  of  so-called  ’bare'  3ases  (eg,  Learmonth,  Derby). 


Mechanical  and  Electrical  Engineering  Section  (WMES) 

111.  This  Section  is  concerned  with  aviation  fuel  storage,  electricity 
supply,  emergency  power  plants,  air-conditioning,  energy  conservation,  boilers, 
heating  and  fire  protection.  WMEE  manages  all  projects  in  the  mechanical  and 
electrical  engineering  field  and  provides  specialist  advice  as  required. 


Drawing  Office  (WDQ) 


112.  The  Orawing  Office  operates  within  two  sub-sections.  Activities  include 
Survey  Drafting,  the  RAAF  aspects  of  Defence  (Areas  Control)  Regulations  and  some 
areas  of  operational  charting.  WDO  is  also  responsible  for  the  implementation  of 
the  RAAF  Survey  Programme  in  liaison  with  the  Australian  Survey  Office  of  DOLGAS, 
and  generally  meets  the  needs  of  the  DGF-AF  organisation  in  the  preparation  of 
all  drawings  required  by  the  various  Sections  in  day-by-day  operations.  The 
Sections  is  equipped  with  plan  printing  and  microfilm  equipment  and  maintains  a 
large  data  base  of  plans  and  facilities. 
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Air  ?orca  Works  Liaison  Officers  (AWLOs) 


113.  In  respect  of  all  facilities  aatttrs  arising  within  defined  geographies' 

areas  of  responsibility,  AWLOs  exercise  authority  as  the  field  representative  o 
OGF-AF .  At  Formation  level,  the  AWLO  complements  the  existing  works  organisation 
by  the  provision  of  specialist  advice  and  service.  Functional  control  of  AWLOs 
is  vested  in  CGF-AF  and  exercised  through  the  relevant  Flans  Cell  Section  Head, 
whilst  administrative  control  is  delegated  to  the  Commanding  Officer  of  the 
Support  Units  to  which  the  AWLG  is  posted  or  attached  (except  m  the  Morthern 
Territory,  where  the  OC  OAAWIU  is  the  Administrative  Controller  for  AWLCNT ) .  The 
duties  of  the  AWLO  are  detailed  in  Section  1  Chanter  I. 


Single  Manager  Responsibilities 

114.  The  Oirector  General  is  the  nominated  specialist  and  Single  Manacer 

within  COD  for: 


a.  airfield  pavement  and  aprons  projects: 

b.  aviation  fuel  storage:  and 

c.  control  of  Cefence  (Areas  Control)  Regulations. 


Annexes:  A. 

3. 


Organisation  of  the  CGF-AF  3rar.cn 
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SECTION  ; 


RESPONSIBILITIES  OF  THE  DIRECTOR  GENERAL 
FACILITIES  -  AIR  FORCE  (DGF-AF) 


I.  The  Director  General  Facilities  -  Air  Force  is  responsible  both  to  th 

Chiac  of  Air  Faros  Development  (CAFD)  and  the  First  Assistant  Sscrstar 
Facilities  (FAS?)  for  the  provision  of  specialist  advice  an  the  development  a 
plans,  policies  and  procedures  relevant  to  the  adaini stration  and  management  o 
the  RAAF  Facilities  function,  and  their  implementation .  He  is  also  responsibl 
to  CAFD  far  the  overall  direction  and  provision  of  Facilites  Services  within  th 
Air  Force. 

2-  In  particular,  DGF-AF  is  responsible  for: 

a.  the  provision  of  an  interface  between  Air  Force  Office,  th 
Facilities  Division  and  other  departments/ external  organisations  i 
respect  of  RAAF  Facilities  matter's: 

b.  the  development,  promulgation,  implementation  and  review  of  ?AA 
Facilities  plans,  policies  and  procedures: 

c.  the  evaluation  of  environment  issues  affecting  RAAF  establishments; 

d.  the  master  planning  for  the  long-term  development  of  RAA 
establishments,  specific  accommodation  planning,  and  the  siting  o 
.ton-technical  facilities; 

e.  the  examination,  and  sponsorship  of  New  WorRs,  Property,  Housing, 
Repairs  and  Maintenance  I  R&M ) ,  ar.d  Furniture  and  Fittings  ,  F&F ! 
propo sal s; 

f.  the  co-ordination  and  development  of  RAAF  Facilities  proposals  from 
the  stage  of  endorsement  of  requirements  through  to  their 
construction,  handover  and  evaluation.’  i.e.; 

ID  definition  of  User  Requirements  (Air  Forte  Worfcs  Requirements): 

(2i  preparation  of  Functional  Desicn  3riaf3  and  Preset  Briefs 
DF1 ,  DF2,  DF3 ; 

(3)  preparation"  of  cost  estimates  for  Financial  Divisions  22~ , 
239,  245,  246,  248,  250  and  252; 

(4)  preparation  of  submissions  to  FASF,  the  Minister.  Department 
of  Local  Government  and  Administrative  Services  (DCLGAS)), 
Department  of  Finance  (DCF),  Department  of  Arts.  Heritage  and 
the  Environment,  Department  of  Housing  and  Construction  (SHC), 
Cabinet  and  the  Parliamentary  Standing  Committee  on  Public 
Worfcs  (?WC); 

(5)  the  monitoring  of  DHC  design  ar.d  construction-  ar.d 

(6)  the  evaluation  of  completed  facilities. 

g.  the  formulation  and  management  of  RAAF  Facilities  programmes; 

h.  in  respect  of  approved  programmes,  the  discharge  of  Coordinator 
responsibilities,  exercising  expenditure  delegation  ar.d  control, 
and  monitoring  the  progress  of  pro;ects: 

i.  the  management  of  Air  Force  property,  including  acquisition, 
leasing,  hiring  and  disposal  trasactions,  and  approvals  to  vary  the 
functional  use  of  facilities: 

3.  the  maintenance  of  a  Master  Property  Assets  Register: 

'<  •  the  co-ordination  of  RAAF  housing  requirements: 


•  t'.'n  ’u  «  e  e  <:  t,,  t.,  ->> 
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■ANNEX  3  TO 


cgjgTgr*:  if 

SECTION 


3. 


1.  the  provision  and  management  of  RAAF  Facilities  Services  including 
Naw  Worics.  Property,  Housing,  R4M ,  FSF.  Unit  Worics  Sarvices,  Civil 
Engmaaring  ‘Services  and  Mechanical  and  Elactrical  Enginaarmg 
Sarvicas; 


the  provision  of  profassional  and  eachnical  advice  to  other 
Branches,  Ciractoratas  and  Commands  on  Facilities  planning,  design 
and  construction  and  on  civil,  mechanical  and  electrical 
Engineering  Services; 


all  policy/ design  matters  concerning 
storage  and  the  administration  of 
Regulations; 


aircraft  pavements,  fuel 
Defence  (Areas  Control) 


the  coordination  of  the  supply,  siting  and  use  of  prefabricated 
facilities; 


?.  the  coordinating  of  the  investigation,  design  and  construction  of 
RAAF  Special  projects  (which  are  not  the  responsibility  of  DHC)  and 
for  overseas  facilities; 


q.  the  supervision  of  the  installation  of  plant  and  workshop 

machinery,  m  liaison  with  the  appropriate  Technical  Officers: 

r.  the  development  of  RAAF  bombing  and  gunnery  ranges  (Defence 

Practice  Areas) ; 

s.  the  provision,  through  appropriate  programmes,  of  certain  supply 

items  and  civil  engineering  stores; 

t.  the  contributing  to  the  formulation  of  Joint  Service  and  RAAF 

operational  plans;  and 

u.  planning  and  policy  formulation  to  meet  RAAF  responsibilities  for 

the  provision  of  engineer  worics  services  in  operations  in 

accordance  with  JS?(AS)2A. 


CGF-AF  is  a  memcer  of  the  following  permanent  Committees: 

a.  the  Air  Force  Worics  Priority  Committee  (WPC)  : 

b.  the  Air  Force  Programmes  b  Estimates  Advisory  Committee  (AFPSAC! 

c •  the  Air  Force  Requirements  Committee  (AFRC) ;  and 

d.  the  Defence  Facilities  Advisory  Croup  ( 3FAG ) . 


4  •  When  so  directed  by  CAS,  DGF-AF  represents  Air  Force  Office  as  witness 

at  hearings  conducted  by  the  Parliamentary  Standing  Committee  on  Public  worics 
^PWC)  in  relation  to  Air  Force  Office-sponsored  Ma;or  New  worics  pro;ets. 
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APPENDIX  1  TO 
AHNEX  3  H 
CHAPTER  i  OF 
5SCT!2tr: - 


QGF-AT  RESPONSIBILITIES  FOR  THE  SUPPLY  OF 

- SCUT5SEST77ECPF - 


In 

DGF-AF  is 
accordance 

a. 


b . 

c . 


d. 

e . 


g- 


h. 


i . 


:< . 


respect  of  his 
responsible  for 
with  appropriate 


Vote  Coordinator  role  for  Divisions  239-03  and 
funding  the  supply  of  the  following  equipment. 
Scales  of  Entitlement: 


245 


The  initial  supply  of  furniture 
constructed  buildings: 


and  furnishings  to  newly 


Built-in  furniture  for  incorporation  in  Hew  Works  projects: 


Floor  coverings,  including  carpet  squares,  body  carpets,  carpet 
runners,  linoleum,  vinyl  sheeting  and  floor  tiles,  but  excluding 
bedside  rugs; 


Curtains,  blinds  and  fittings; 

Furniture  for  public  rooms  of  messes  and  airmens  recreation/'canteen 
centres  (except  billiard  tables,  which  are  obtained  in  accordance 
with  DKAF)  SUP  13-21); 

Furniture  and  furnishings  for  married  quarters,  including  domestic 
refrigerators: 

Commercial  refrigerators  and  cool  rooms  (including  portable 
pro-fabricated  refrigerators),  quick  freeze  blast  cabinets’,  fixed 
deep  freeze  cabinets  (subject  to  approval  by  the  Departments  of 
Defence  and  the  Treasury),  fixed  ice  making  machines,  water  coolers 
and  industrial  and  mortuary  refrigeration; 

Fixed  messing  equipment  including  stoves:  hot  presses,  vegetable 
peeling  machines  and  dish  washing  machines: 

Fixed  barracks  equipment  including  sinks,  troughs  and  washing 
machines  of  ail  types; 

Fixed  lighting,  ” heating,  cooling,  ventilating  and  aireonditionmg 
equipment  (DI(AF)  SUP  13-14  refers): 

Fixed  electrical  eauioment  and  fittincs  as  orescribed  in  DKAF)  SUP 
13-14; 

Fire  fighting  appliances  and  euipment  intended  for  the  protection 
of  fixed  equipment  and  installations  (excluding  fire  hoses,  fire 
extinguishers,  ar.d  items  fitted  to  mobile  fire  fighting  appliances 
or  used  for  the  protection  of  aircraft); 

Fixed  equipment  and  built-in  furniture  in  RAAF  hospitals  and  sick 
quarters; 

Office  furniture,  including  drawing  office  furniture,  mobile  steel 

shelving  (Compactus  type),  office  safes  and  filing  caomets 

including  steel  cabinets  fitted  with  combination  locks,  but 

excluding  Type  A  cabinets: 

Fixed  workshop,  hangar,  storage  and  airodrome  equipment  and 

facilities,  le  fixed  lifting  devices  including  rail  type  hoists, 
storage  bins  and  mobile  steel  shelving,  fixed  cranes  and  weigh 

bridges.  refuelling  installations  generating  sets,  frequency 

converters: 
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Appgyorx  1  TO 


p.  Mooring »,  aoonng  buoys  and  components:  and 

q.  Prefabricated  demountable  houses. 


(Fixed  equipment  referred  to  in  this  paragrapn  does  not  include  that  installed  ;.n 
or  fitted  to  vehicles,  trailars  or  othar  portable  facilities!. 


APPENDIX  B 


LAYOUT  OF  AN  AIR  FORCE  WORKS  REQUIREMENT  ( RAAF ) 


I 


Extract  from  the  RAAF  Facilities  Manual 
DI(AF)  AAP  3300.001 
Annexes  A  and  B  to 
Chapter  A  of  Section  8 


DHAP)  AAP  3300.001 

iOWEX  \  TO - 

driAPfe*  “op 


TYPICAL  LAYOUT  OP  AW  AIR  PORCE  WORKS  REQUIREMENT 
(only  centre  Headings  are  mandatory) 


FOR  .  . . AT  RAAF  BASE 


INTRODUCTION 

1.  Tne  introduction  snould  provide  a  precis  of  the  oacxground  to  the 

prooiem  ana  tnus  laencity  tne  purpose  of  tne  APWR. 

EXPLANATION  AND  JUSTIFICATION 


larrent  situation 


1.  Statement  ot  tne  facts  pertaining  to  tne  present  situation,  eg  now  anc 

wny  tne  prooiem  nas  arisen;  present  consequences  ana  now  tne  RAAF  estaolisnment 
is  presently  coping;  if  interim  action  nas  seen  taxen  to  alleviate  tne  prooiem 
ana  wny  sucn  action  is  inadequate  in  tne  long  term. 

3.  The  paragrapns  in  tms  section  should  include  ail  relevant  data, 

description,  explanations  and,  it  appiicaoie,  supporting  specialist  aavice. 

4.  Statements  of  'inadequacy'  must  oe  justified  with  quantitative  data, 

■mere  appiicaoie,  reterence  snoula  oe  made  to  inspection  reports  or  other 
relevant  documentation. 

future  situation 

3.  A  statement,  witn  supporting  data,  as  to  whether  tne  situation  is 

expected  to  remain  static  or  to  cnange.  It  a  toreseeaole  development  ratner  than 

an  existing  situation  is  to  oe  resolvea,  details  of  the  anticipated  cnange  cr 
circumstances,  eg  cnange  ot  roie,  increase  in  ROE,  estaolisnment,  etc  are  to  oe 
; iven. 

o.  A  statement  as  to  wnetner  contingency  requirements  nave  a  vand  oearirc 

on  tne  proposed  solution. 

A  statement  ot  tne  consequences  it  positive  action  is  not  taxen  t* 
resoive  tne  prooiem. 


a.  Tne  statea  aim  snouiC  oe  tne  logical  cc-rse  of  action  ceterminec  trcr 
caretui  evaluation  ot  tne  existing  prooiem.  as  detaiiec  in  tne  precedir; 
paragrapns.  It  snouio  oe  stated  in  tne  following  "anner; 

"Tne  aim  ot  tnia  AFWR  is  to  evaluate  tne  extant  anc  enaurmg  facilities 
requirement  ot  . . . 


ANALYSIS  OF  THE  REQUIREMENT 


iwnat  is  Neeoeo  to  Acnieve  tne  Aim 


i  ■  Tne  'requirement'  is  tne  proposed  solution  to  tne  prcDiem,  ?-< 

iti.owim,  factors  must  oe  coverec.  as  appiicaoie; 

*•  Activities  to  oe  accommodated  eg  worxsnops,  stores.  marne: 
quarters,  etc i : 


o.  Eitaoiisneo  personnel  to  oe  accommocateo: 


J 
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Division  of  personnel  oecw een  Section*; 


a.  Location  ot  tne  facility/worxs  and  siting  criteria; 


e.  Real  Estate,  eg  land  acquisition,  leasing; 

: .  Related  Projects.  Projects  in  progress,  approved  or  planned  ana 

tneir  timing;  ana 

g.  Timinq/Pr ion ty .  Reasons  tor  timing  ana  priority  rating. 

lo.  special  norm  Requirement.  T.ois  paragrapn  snould  detail  any  unusual  or 

special  worxs  aspects  at  tne  proolem  wmcn  may  affect  tne  selection  o£  tne  seat 
solution  and/or  tne  indicative  Cost,  eg: 

a.  Type  ot  Construction.  Conventional,  pretapncated,  noaular, 
stating  tne  reason  tor  selection  and  maxing  recerence  to  tne 
expected  iice  cycle  or  tne  cacility; 

o.  future  Extension.  Anticipated  ana, or  possioie  future  activities  to 
oe  accommooatea ; 

c.  Special  Integral  Equipment.  Statement  ot  mac  is  required  and  wno 

is  to  provide  it  eg  LHC,  contractor,  RAAF,  etc.  and  design 
implications; 

c.  Environmental  Contro..  Purpose,  capacity  and  areas  to  oe 

:ontro..ea,  specia.  conditions  to  oe  met  and  just 1 1 icat ion  c:  tne 
requ 1  remen t ; 

e.  services  Scales  ana  Stanoarcs  o:  Accommooation  1 SSSA , ■  Statement 

as  to  wnetner  existing  SSSA  appiy  or  vnetner  variations  are 
proposeo,  or  are  aireaoy  under  consiaeration. 

Jtner  Unusual  Requirements  anc  Special  r:xtures.  Statement  ot 
details  ot  any  unusuai  requirements. specia.  cixtures  mien  are  not 
.normally  provided;  ano 

;.  Existing  tacilities.  statement  as  to  wnetner  any  existing 

facilities  or  parts  tnereot  are  required  to  oe  removea  from  tne 
praposea  site. 

alternative  ways  rr  meeting  the  Recur  sclent 

...  It  .s  .mperative  to  snow  tnat  teasioie  a.oernatives  nave  oeen 

consiaerec.  T.nese  snould  oe  examined  anc  evaluated  wit-  regard  to  suitaoi.itv, 
cost,  va.-e  or  worn,  timing,  etc.  from  trese.  oy  compar ; « on .  tne  rest  avai.acie 
so.ution  s.nou.c  oe  selected  as  tne  'preterrec  option'.  «-?re  nc  alternatives  are 
iviuaoie,  mis  must  oe  stated. 

Option  ,  -  State  tne  proposec  met.occ  ot  meeting  -  ne  requirement.  eg 

Construction  ot  a  new  taci-ity  .ocatec  .  etc 

.1.  Uc.n  option  snould  oe  cescrioec  m  general  terms,  out  must  d. early 

outline  tne  extent  ot  worn  mvcivec.  Tn.e  evaluation  o:  tne  opt.cn  must  refer 
ootn  to  its  advantages  anc  disadvantages. 

.  j .  *or*s  Punning  Implications. 


a.  master  Pun.  Statement  as  tc  wnetner  tne  optic-  .s  part  ::  tne 

ap^rovec  master  P.an  anc  wnetner  any  otter  :ac:.it.es  are  artectec: 

o.  Property  Requirements.  statement  as  tc  wnetner  acquisition  .s 

requirec  ano  an,  proc.ems  are  roreseen:  anc 

o.  Cisposa.  ot  exist. -g  :ac:..:.es  or  assets,  w-ere  app.ioao.e. 

.4,  Associated  imp . i ca t  ion s .  statement  as  to  wnetner  tne  propose.  -as 

implications  :or: 


55410  I O0Jo 


KAAf .  (Cg  etfe ct  on  numan  resources  or  organization) 


B.  otnar  services.  (Army  or  Navy  worts,  operations,  estaolisnaants  or 
act ivi ties  /  ; 

c.  Otnar  CoMonwaaltn  Departments  or  Agencies; 

a.  state  or  Local  Government.  (Eg  coa^liance  witn  local  council 

poncy,  zoning  regulations,  or  Py-laws)  ;  ana 

a.  won-Governaent  Agencies,  Buainesses  or  Private  Citizens.  (Any 

tnovn  circuastances  wnicn  couia  street  tne  proposal i. 


15.  Environaental  impact .  Stataaent  as  to  wnetner  or  not  an  Environments - 
Impact  Stacaaent  (TTTi  For  tms  type  of  project  will  oe  required.  I : 
atrinsativa,  aspeccs  suen  as  tne  effect  on  tne  natural  or  nuaan  environment,  eg 
cneaicai  pollution,  noise  levti,  etc  are  to  oe  OiscusseC.  (Where  tne  originator 
ot  an  AFwR  is  uncertain  as  to  wnetnar  an  EIS  is  reguirea,  aovice  snoula  oe  sougnt 
troa  DGAW-AF). 

16.  Staging.  If  tne  project  could  oe  completed  in  stages,  this  should  oe 
stated.  However,  eacn  stage  must  constitute  a  self-suf f lcienc  functional  entity, 
capaoie  ot  fulfilling  its  intended  purpose  upon  completion,  in  spite  of  oeinc 
part  ot  a  wnoie. 

1'.  Indicative  Cost.  An  Incicative  Cost  tor  tne  project  is  to  oe  included. 


Jet  ion 


State  mis  proposal  for  meeting  tne  requirement, 
ot  existing  Building  . )* 


.eg  “Modif icaeior 

.8.  Eacn  succeeding  option  is  to  oe  fully  evaluated  under  separate 

headings.  All  relevant  aspects  are  to  oe  incluaeo  as  for  Option  1. 

Comparison  ot  Options 

Is.  Tne  comparison  snoulc  inciuoe  reference  to  ail  the  essential/desiraoie 

factors  ano  consideration  ot  any  significant  imputations  relative  to  each  option. 

1C.  Selection  ot  tne  3est  Option.  Statement  mat  Opcion  No  ....  is  tne 

selected  solution  oecause  it  is: 

a.  tne  cneapest  in  tne  year  of  expected  authorization  or  in  respect 
of  lite-cycie  costing:; 


o. 

c. 

a. 

e . 


tne  time  avsi.ac.e: 


tne  easiest  to  construct 
tne  most  cost-effective; 

tne  only  one  tnat  ensures  tne  operational  tapaoiiity: 
tne  only  one  avaiiaoie;  ana 
t.  any  otner  reason,  as  applicaDie. 

THE  REQUIREHENT 

Tne  requirement  snoula  oe  summarized  as  follows; 


•The  Department  of  Defence  lAir  Force  Office:  requires 

. . . .  at  RAAF  Base  . . 

. ‘  eg. 


*Tne  Department  ot  Defence  (Air  Force  Office:  requires  th« 
construction  ot  a  new  Base  Squadron  Headquarters  Building  at  RAA? 
Base  FLYOVER  to  replace  the  existing  condemned  Suilding,  (Buildi.-c 
153  ).  * 


I 

VJ 
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General  Deeign  Con  opt 


22.  'Jnaer  tms  neaaing,  a  snort  description  of  tne  general  design  concapt 
tor  tn*  propoMS  facility  is  to  oa  given.  Howavar,  tha  design  concapt  and 
aacanaa  spacincations  will  oa  staead  in  tna  Functional  Dasign  Bnaf  (PDBI. 

/3.  Payout  sxetcnas.  Simple  layout  sxetehea  may  Oa  providad  to  assist  in 
tna  saiaction  of  tna  dasirad  siting  and  tna  intarralationship  of  activitias  to  Oa 
accoaaooatao.  Attacnad  notaa  snould  indicata  tha  parsonnal  numoers  to  oa 
accommodated  and/or  worxing  in  tna  individual  araaa. 

24.  Annexes.  It  appropnata,  attracts  froa  tna  Master  Plan,  flow  charts, 
pnotograpns  i  ..us tracing  tna  existing  proolems,  pnotograpns/drawings  of  similar 
racilitias  suiting  alsawnara,  ate.  snould  oa  attacnad. 

Targat  Datas  and  Approvals 


25.  Critical  Datas  of  Related  Items.  Statement  of  the  anticipated  or 
raquirao  denvery  dates  tor  otner  source  equipment  associated  witn  t.ne  project  or 
to  o*  accommodated  in  tna  proposed  facility. 

26.  Selection  of  Target  Data.  Statement  of  tna  desired  target  oat*  and  the 
parameters  determining  its  s* lection.  The  implications  of  non-attainment  of  t.ne 
target  date,  it  appucaoie,  snouid  oa  explained. 

i~.  Status  or  Approval.  wnere  applicaoie,  reference  snould  oe  made  to 
aireaay  approved  proposals  reiateo  to  tne  requirement,  eg  major  capita,  equipment 
projects. 

28.  security  Classification.  afwr's  are  normally  unclassified  documents. 
However,  wnere  certain  aspects  or  tne  project  nave  security  implications,  these 
snouid  oa  loentineo  tor  appropriate  classification  of  the  document. 

2S.  Annexes  to  tna  AFWR  snould  oe  selected  as  appropriate,  eg: 

a.  Tabulation  of  data; 

р.  Pnotograpns  illustrating  tna  proDlems; 

с.  Pnotograpns  of  similar  existing  facilities: 
o.  Extract  ot  .nastar  Plan;  and 


Conceptual  sxetches. 


«r.  m-  w .  -  , 
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QUESTIONS  TC  BE  CONSIDERED  IN  FRAMING  THE  AfWR 


Explanation  crt  tne  Aim 


Hava  all  relevant  tacts  Seen  explained? 

Has  tne  proDlea  seen  clearly  identified? 

wnat  significant  cnanges  m  circumstances  gave  rise  to  tne  proDlem,  cr 
are  anticipates? 

how  is  tne  RAAF  estaolisnaent  currently  coping? 

Are  tnere  some  activities  tnat  can  Be  re-arranged.  reduced  cr 
discontinued? 

Have  maoilitiea  to  perform  arisen? 

wny  cannot  current  interim  arrangements  oe  continued? 

wny  is  tne  existing  tacility  inadequate,  insufficient  cr  unacceptaDle? 

iinat  are  tne  economic  consiaerations? 

wnat  is  tne  nature  ano  extent  of  any  existing  secunty/saf ety/heaitr 

nazaros? 

Are  tnere  operational  considerations,  eg  change  or  role,  ROE,  etc? 
wnat  are  tne  implications  if  no  action  is  taxen? 


ANALYSIS  OF  THE  REQUIREMENT 


Description  ot  tne  Facility 


what  are  tne  generic  types  of  tne  facilities  involved 

(eg,  worKsnops,  stores,  married  quarters,  land  acquisitions,  leasing, 
etc)  ? 

wnere  will  tne  facility  oe  located 
(eg,  Defence  estaoiisnment/nearest  town. 

Reference  -  title,  source,  cate  -  to  the  main  paperis)  most  relevant  rc 
selection  of  location)? 


Reasons  tor  tne  Requirement 


wno  is  it  mainly  cor 

(eg,  names  of  main  user  units  or  organ isa c ions ) ? 

wnat  Defence  oojecrives,  capaoi 1 i t les ,  functions  or  activities  is  tne 
facility  mainly  intanoeo  to  support? 

wnat  otner  Defence  oo:ectives.  capaoi * i t les ,  functions  or  activities 
will  tne  facility  significantly  support? 

How  significantly  wi,.  performance  ot  tne  activities,  functions  etc  ce 
improved  oy  tne  taci.icy? 

wnat  are  tne  main  deficiencies  of  tne  facilities  currently  supporting 
tne  oojectives,  capaoi 1 i ties ,  functions  or  activities  concerned 
leg,  deficiencies  witn  respect  to: 

.  functional  efficiency 

capacity  205 
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quality  (eg,  tecnnical  or  other  standards) 
location 

aaintananc*  costs 
environmental  proolema)? 

PLANNING  AND  OPTIONS 


••nan  is  tna  tacility  wantad 

(eg,  operational,  equipment  or  otnar  targat  datas  or  commitments 
determining  tna  racility's  timing;? 

How  many  parsonnal  will  usa  tna  facility 

(ag,  permanent  and  temporary  users;  average/rain lmum/maxiraum  numoers)? 

Mnat  will  tna  capacity  of  tna  facility  oe 

(eg,  maximum  numoer  of  parsons,  vaniclas,  aircraft  etc.  to  oe 
accommooatad/supportad,  at  normal  and  peax  levels  of  operation)? 

•mat  are  tne  long  term  plans  cor  use  or  development  of  tna  facility  land 
any  assets  replaced.  Out  retained  tor  other  purposes),  and  wnac  is  tneir 
oasis 

ieg,  manpower  or  otnar  growtn  projections:  Master  Planning;  long-term 
functional  or  capaoility  studies)? 

•mat  significant  social,  economic  ot  otnar  environmental  effects  is  the 
tacility  lixaly  to  nave? 

•mat  consultations  nave  occurred  with  other  relevant  Departments  or 
organisations  in  relation  to  tne  puoiic  effects  of  the  proposed  facility? 

How  mignt  puOlic  effects  of  tne  facility  influence  its  longer  term  use 
or  development 

(•g,  longer  term  interactions  oatveen  the  facility  and  uman  growth)? 
ALTERNATIVE  SOLUTIONS 


wnat  alternatives  to  tne  proposed  facility  have  oeen  considered  with 
respect  to: 

supporting  the  relevant  Defence  oojectives,  capaoilities,  functions 
or  activities  (eg,  snaring  otnar  Service  or  commercial  facilities) 

.  location 

scope  ot  tne  facility 

.  timing  ot  proposal  ( is  start  and/or  rate  of  development) 
lire  cycle  costing 


K 


and  wnat  are  tne  main  disadvantages/advantages  of  those  alternatives? 

Can  tne  existing  facility  Se  modified  or  re-located  to  meet  the 
requirement? 

Could  any  other  facility  oe  utilized? 

Does  tne  AFtwR  fully  demonstrate  the  need  for  the  requirement? 
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COSTS  AND  PROGRAMMING  OF  THE  PACILITY 


wnat  is  tha  estimated  capital  coat  of  tna  facility,  and  data  and  Oasis 
ot  tnat  ••tiuci 

leg.  Defence  estimate;  DHC  Indicative  Cost,  Preliminary  Estimate;  DAS 
estimate  of  acquisition  or  leasing  costs  etc)? 

wnat  is  tne  life  cycle  cost  of  tne  proposed  facility? 

wnat  otner  costs  will  oe  involved 

teg,  equipment,  furniture  and  fittings,  RfcM  on  proposed  facility  etc)? 
wnat  cost  savings  will  oe  acnieved 

teg,  net  reauctions  in  RAM  expenaiture,  is.  R6M  on  replaced  facility 
less  RiM  on  proposed  facility)? 

wnat  is  tne  estimated  value  or  Defence  assets  wmcn  could  oe  disposed  of 
atter  escaolisnment  of  tne  facility,  and  wnat  is  tne  oasi3  of  tnat 
estimate 

eg,  disposal  plans;  DAS  valuations)? 

«nat  expenaiture  is  proposed  on  tne  facility  in  eacn  year  cf  tne  'EDP? 


SELECTED  SOLUTION 


wny  was  it  cnosen? 

Is  mere  an  initial  capital  outlay  advantage  as  well  as  a  saving  rnrougn 
to  ena-of-lire? 

I:  it  is  possiole  to  use  existing  facilities,  wny  is  it  oetter  to  ouild 
a  new  one? 

wnat  additional  oenefits  mignt  ce  gainec  from  tne  cnosen  solution? 

will  it  fulfill  current  and  foreseeaoie  needs? 

will  it  ennance  the  Defence  capaoility  to  meet  contingencies? 

•nil  it  affect  or  oe  affected  oy  any  otner  ongoing  or  proposed  project? 
wnat  are  tne  consequences  if  tne  prcposa.  does  not  proceed? 
wny  is  it  essential  to  meet  tne  proposec  target  date? 


APPENDIX  C 


LAYOUT  OF  A  FUNCTIONAL  DESIGN  BRIEF  ( RAAF ) 


Extract  from  RAAF  Facilities  Manual 
DI(AF)  AAP  3300.001 
Annex  E  to 

Chapter  4  of  Section  8 


DI(AF)  AAR  3300.001 

nmx  e  to  - - 

CHAPTER  4  op 

secTifiri  a — 


File  Reference 


FUNCTIONAL  DESIGN  BRIEF  FOR 


AT  RAAF 


DEFENCE  BRIEF  CERTIFICATION 


"I  certify  that  where  elements  of  this  works  proposal  relate  to  toe 
provisions  of  Services’  Scales  and  Standards  of  Accommodation  ( SSSA ; >  the 
relevant  provisions  contained  in  tnat  document  nave  not  been  exceeded." 


Air  Commodore 
Director  General 

Accommodation  anc  VworXs-Air  Force 


Amendment  Status 
Original  Issue 
Amendment  1 


Amendment  1.  et 


Dr ( Af )  AAP  3300.001 


Introauct ion 


This  Functional  Design  Brief  details  tne  requirement  for. 


zone/location  shown 


Location 

2.  Tne  taciiity  is  to  oe  located  within  tne 

on  tne  Master  Pian/Site  Plan  attached  at  Annex  A. 


Site  Requirements 


3.  Immediate  landscaping  and  access  paths  to  this  facility  are  to  Oe 

incorporated  in  tne  design  together  witn  car  parsing  facilities  for . Service 

venicles  anc  tor . private  vehicles  in  accordance  with  SSSA. 

4.  In  tne  preparation  of  tne  project  cost  estimates,  DHC  is  to  allow  for 

tne  demolition  c:  any  Ouildmgs  anc/or  tne  reioca t ion/ termina t ion  of  engineering 
services  to  tne  site,  it  required. 

ueneral  Design  Concept 

5.  wnere  appropriate,  tne  architectural  character  of  the  facility  snoui 
taxe  account  o:  adjacent  ouiidings  anc  tne  natural  environment.  Recognise 
construction  techniques  for  passive  resistance  to  forced  entry  are  to  be  employed 
m  this  facial ty . 

b.  The  final  design  must  taxe  best  advantage  of  tne  site  and  incorporate 

ail  economies  possible  with  regard  to  floor  area  and  construction,  yet  sti-1 
retain  tne  necessary  functional  requirements  and  worX  flow  pattern. 

*,  Future  extension  o:  tne  facility  is  not  envisaged  at  this  stage: 

nowever,  tne  facility  is  to  oe  designee  to  permit  future  extension  should  it 
oecome  necessary . 

8.  use  of  a  pre-constructed,  modular  unit  building  system  should  oe 
considered,  wnere  appropriate. 

9.  The  facility  is  to  oe  designed  to  accord  with  tne  DHC  Tecnnical 

Directive  AE  TD  108. 

10.  A  Functional  Relationship  Diagram  for  tne  facility  is  attacned  at 
Annex  B. 

‘rsor.ne  . 

Tne  facility  wiil/will  not  oe  permanently  manned.  An  es tab  1 1 snmen t 

:  igure  ct . personnel  is  to  oe  used  for  p.annmg  purposes.  Provision  is 

equirec  tor  female  amenities  Oased  on. . ..I  of  the  establishment. 

Activities  to  oe  Accommodated 

Ine  RAAF  requires  a  permanent  facility  which  will  accommodate  tne 
throwing  activities: 


a  u 
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Room  scneoule 

13.  T he  following  rooms  are  to  Da  incorporated  in  the  Building: 


funct ion 


No  oi  Personnel 


Approx  Area  ( m2 


Room  Data  Sheets  ara  providac  at  Annax 


Energy  Conservation 

14.  Alternative  Designs.  During  tne  preparation  of  preliminary  design 
concapts  anc  preliminary  estimates  of  costs,  OHC  is  requested  to  identify 
oas  igns/ ma  te  r  la  Is/ ena  rgy  systems  wmcn  mignt  Be  considered  on  a  tnrougn-life 
costing  Basis  as  alternative  design  solutions.  Bearing  in  mind  tne  aim  of  energy 
conservation. 

15.  Building  Operation.  At  tne  time  of  tne  handover/ taxeover  of  tne 
taciiity.  DHi  Is  requested  to  provide  an  energy  Budget  for  tne  Building.  This 
would  comprise  an  identification  ot  tne  energy  systems  within  tne  ouileing.  tne 
metnoos  or  operation,  recommendations  tor  tneir  contro.  in  relation  to  energy 
conservation,  anc  annua.  Budgets  for  Operating  costs  assessed  By  DHC  as 
reasonac.e  targets. 

Eiectrica.  Services 


16.  general  wiring.  tne  wiring  is  to  Be  instaiied/upgraded  to  conform  with 

tne  wiring  rui.es  AS  3000. 

IT,  Lighting.  general  and  supplementary  lighting  is  to  De 

prov loeg/upgraaeo  to  accord  witn  tne  recommenoations  stated  in  as  1680  for  tne 
various  tasxs. 

18.  Security  Lighting.  External  security  lighting  controlled  s 

pnoto— eiectric  cei±  with  a  manual  override  is  to  De  provided  around  the  Duiidm 
to  provide  snadow  free  illumination. 


19.  Escape  Lighting.  The  requirement  for  emergency  escape  lignting  is  to  be 
investigated  By  DHC.  If  required,  it  is  to  oe  installed  in  accordance  with 
AS  1293,  Part  1. 

20.  Power.  Standard  2  40/4  15V  50  Hz  and  otner  non-standard  60  Hz,  400  Hz, 
28V  DC  power  supplies  are  generally  required  tor  tne  various  tasxs  in  tne 
Building.  In  some  cases,  existing  converting  equipment  and  socket  outlets  in 
situ  may  satisfy  tne  requirements.  Unless  otherwise  stated,  all  outlets  and 
converting  equipment  are  to  De  supplied  anc  installed  By  DHC.  In  certain 
circumstances  wnere  converting  equipment  and  nor-standard  outlets  are  supplied  By 
RAAE,  tne  wiring  is  to  De  carriec  out  By  DHC. 

^1.  Emergency  Power.  The  emergency  power  required  for  tne  facility  is...t 

or  tne  nominal  "load  dUring  periods  of  mains  failure.  All  essential  socket 

outlets  will  oe  identified  during  design  discussions.  In  addition,  in  areas 

wnere  essential  worx  is  Being  carried  out,  limited  lignting  is  to  De  provided. 

rire  Protection 

22.  The  fina.  protection  system  cffered  must  oe  approved  Dv  Departme-t  o: 

Defence  (  OGAW-AE/WMEE  j  eariy  m  tne  design  stage.  The  following  is  required: 

a.  A  closed  neao  sprinkler  system  is  to  Be  installed  tnrougnout  the 
facility  with  all  alarms  transmitted  through  a  FIB  to  tne  Base 

Central  Supervisory  System. 
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s.  Fir*  points  act  to  be  provided  throughout.  Each  fir*  point  is  to 

consist  ot  a  saall  oor*  nos*  reel  and  nand  n*id  fir*  extinguisners. 

c.  Hand  n*ld  fir*  extinguisher*  ( RAAF  suppii*dl  ar*  to  0*  installed  Oy 

tn*  contractor,  as  specified  Dy  tn*  Bas*  Fire  Officer  in 

consultation  witn  DHC . 

C.  External  nydrant  coverage  is  required  and  must  0*  capable  of 

providing  a  sinisus  of . . . . 1 1 tres/sec  total  from  a  aaxisua  of  . 

nydrants  in  tn*  vicinity  of  a  fire.  The  maximum  spacing  along  tne 
mains  is  to  oe... metres  between  nydrants. 

e.  Hams  Power  Isolating  Switch  -  The  electrical  switenboard  or  an 

isolacing  switen,  painted  post  office  red  is  to  be  located  adjacent 
to  tne  FIB  or  main  entry  door  to  enaole  tne  supply  to  the  building 
to  be  isolated  m  case  of  a  fir*.  Tn*  switen  is  to  be  suitably 

protected  against  unauthorised  use. 

f.  Fire  exit  doors  -  All  required  fire  exit  doors  snould  be  operable 
from  witnm  tne  building,  witn  normal  single  nandec  operation  and 
witnout  recourse  to  a  Key . 

sots:  Prior  to  finalizing  this  paragraph.  Fire  Protection  requirements  for  a 

particular  taci.ity  sne-.b  oe  cnecxec  tnrougr,  DGAW-AF/WMEE. 

Protective  security  (as  applicable) 

. 3 .  The  building  will  .nave  only  one  external  personnel  access  door  which  is 

^ocxaole  tram  tne  outside.  All  otner  external  access  doors  are  to  be  locnaole 
only  from  tne  inside. 

24.  Physical  Security.  Pnysical  nardenmg  of  tne  external  doors  and  windows 
is  not  required  tor  tms  ouilding.  Also,  no  special  security  locK-up  measures, 
eitner  internally  or  around  its  perimeter,  are  envisaged  for  this  building. 
However,  normal  precautionary  measures  snould  be  adopted  for  a  facility  of  this 
nature. 

25.  Security  Devices.  All  security  alarms  installed  within  the  building  are 
to  oe  monitored  enrougn  a  satellite  security  panel  and  connected  to  the  Base 
Master  Security  Panel. 

Note:  Prior  to  finalizing  tms  section.  Protective  Security  requirements  for  a 

particular  facility  snould  oe  cnecxed  through  DGAW-AF/WMEE. 

water  Reticulation 

it.  Hot  ana  cold  water  is  to  be  supplied  via  singit  outlets  to  all  hand 

basins,  snowers,  tne  tea  preparation  area  and  tne  cleaner's  smx.  Cold  water  is 
required  to  all  cisterns  ana  tne  refrigerated  water  fountain.  Cold  water  hose 
taps  are  required  in  tn*  aolutions  and  externally  for  garden. ng  purposes. 

Compressec  Air 

17.  Ory  industrial  compressed  air  is  to  be  reciculatec  from  a  compressor  in 

tne  plant  room  to  tn*  following  areas: 

Tne  air  pressure  is  tb  oe...KPa  provia l ng. . . .ml/min  FAD  from  each  outlet 
s  imui  taneousiy  with  33»  diversity.  The  reticulation  system  is  to  be  fitted  witr. 
a  DhC  supplied  pressure  gauge,  regulator  anc  oi.  trap  unit.  The  outlets  shall  oe 
compatible  witn  1/4"  BSP  JAMEC  fittings. 

Environmental  Controls 

28.  Noise  Attenuation.  Tne  building  is  to  be  designed  to  achieve  an 

acceptable  noise  reouction  from  external  noise  sources.  A  dB(A)  reduction 
of . is  requirec. 
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29.  Pollution  Control.  Pollution  control  measures  art  to  D«  incorporated  aa 
necessary  to  anaura  mat  all  relevant  Coaaonwealth,  State  and  Local  Government 
regulation#  are  adnarac  to. 

30.  Tnermal  Loads.  Tne  tnarmal  load  vitnin  tne  Building  is  made  up  of  tne 
following: 

a.  Personnel. 

o.  Wacninery ■ 

Specific  details  oc  thermal  loads  are  given  in  tne  Room  Data  sheets. 

31.  Air  Treatment.  A  ventilation  system  complying  with  AS  1668  snail  oe 

providec  to  achieve  tne  following  parameters: 

a.  temperature  .  degrees  Celsius  to  .  degree  Celsius. 

s.  relative  humidity  .  percent  RH  to  .  percent. 

c.  positive  internal  pressure  of  .  Pa  is  required  in  Room  Nos  . 

c.  filtration  with  filters  .having  duty  cycle  average  efficiencies  of 

not  less  than  15%.  95%  anc  85%  against  test  dust  No  1,  2  anc  3 
respectively  wnen  tested  in  accordance  witn  method  5  o:  AS  1132. 

31.  ventilat ion.  A.,  toilets,  snowers  and  cnange  rooms  snouid  nave  a 

mechanics'!  ventilation  system  capaole  of  providing  at  least  ten  cnanges  of  air 
per  nour.  Tne  mecnanica.  ventilation  system  is  to  accord  with  AS  1668. 

33.  Tne  noise  level  of  tne  ventilation  system  snail  generally  comply  with 

cne  appropriate  values  specified  in  AS  2107, 

34.  Heating.  Heating  to  a  minimum  of  l'°C  (for  worxsnops)  and  i?oc  (for 

Offices)  is  requirec  in.  t.ne  following  rooms: 


3S.  Environmental  Clearance.  The  administrative  procedures  of  tne 
Environment  Protection  (Impact  of  Proposals)  Act  1974  nave  been  satisf led/are 
oeing  pursueo. 


special  Equipment 
3e.  Tne  types 

a.  RAAF 
0.  RAAF 
C.  DHC 
are  listec  in  tne 


of  special  equipment  tnat 
supplies  ana  installed, 
supplied  and  DHC  installed 
supplied  and  installed. 

Room  Data  Sheets  at  Annex  C 


are 


a 


oe  : 


Design  Features 


37.  The  toliowi-g  aesign  features  and  finishes  are  to  oe  incorporated  ;r.  tne 

design  of  tne  facility. 

a.  F  misnes .  Low  maintenance  fmisnes  compatiDle  with  tne  function  of 
tne  area  concerned  are  to  De  used  wherever  possible. 
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o.  Floor  Levels.  Continuous  floor  levels  art  required  throughout  the 
OuTTfllng . 


a. 


t 


Floor  Finishes.  Heavy  duty  vinyl  sneering  with  welded  joints  is 
preferred  Tn  TTl  But  tne  wet  trMi  and  areas  approved  for  carpets 
unless  otnsrwise  spscifiad.  wet  ana  floors  are  to  nave  an 
impervious  nard  wearing  non-slip  surface  suc.n  as  ceramic  tile  or 
equivalent  and  are  to  Be  graded  to  floor  drains. 

walls.  All  internal  wall  surfaces  are  to  oe  fimsned  witn 
materials  cnac  can  wicnatand  frequent  cleaning. 

Ceil  inqs .  Except  wnere  specified  to  cater  for  specia. 
requirements,  ceiling  heights  are  to  accord  with  accepted  Building 
practice. 


Doors .  Doors  are  to 
ocnerwise  specifiec. 
exception  or  toilets, 
otherwise  specified. 
wit.n  kick  p.ates.  Ail 


Be  of  standard  commercial  width  except  wnere 
All  doors  are  to  Be  xey  locxaDle  witn  the 
lunchrooms,  cnangerooms  and  tearooms  unless 
Doors  to  'hign  use'  areas  are  to  De  fittec 
coors  are  to  oe  rittec  with  door  stops. 


■»  meows.  W  maow 

materia,  suitacie 
to  oe  ci  tree  witn 


frames  are  to  De  constructed 
to  tne  type  of  facility.  Ail 
f iyscreens. 


of  low  maintenance 
opening  windows  are 


waster  Keying.  Ooors  wnicn  are  to  oe  master-xeyed  will  oe 
nommatec  at  a  Design  nomtoring  Weeting. 


Telephones.  Ducts  witn  draw  wires  are  to 
points  wnere  telephones  are  required.  The 
points  are  listed  on  tne  Room  Data  Sheets, 
oe  oeterminec  at  a  Design  Monitoring  Heating. 


De  installed  to  all 
location  of  telephone 
Actual  locations  wil. 


industrial  Safety.  Non-comDust id 
wnerever  pcacticaoie.  All  fittings 
De  recessec.  wnere  practicaDie,  or 
tc  corridors  ana  occupied  areas  and 
oe  minimal. 


le  materials 
and  associated 
positioned  so 
contact  carnage 


snould  Oe  used 
equipment  are  tc 
tnat  oDstructior. 
to  fittings  will 


Colour  Scneme.  The  internal  colour  scheme  is  to  oe 
witn  tne  recommendations  of  the  Department  cf  LaOour 
'Colour  in  Factory  and  Office1  and  AS  U33.  The 
scneme  is  to  oe  approved  by  tne  RAAF  Project  Officer. 


in  accordance 
and  Industry 
final  colour 


Signs  ana  Notices.  Signs  and  notices  required  throughout  tne 
facility  are  aetaned  at  Annex  D. 


Keys  anc  Keyooarq 

3a.  A  metal  clad  ana  securaDle  xeyooarc  with  provisior  tor  all  Keys  is  to  oe 
DHC  supplied  and  co-locatec  within  tne  ouilding,  as  near  as  practicaole  to  tne 
main  access  door.  Two  xeys  tor  each  locxaDle  door  are  tc  oe  provided.  Each  key 
is  to  oe  individually  tagged  witn  a  metal  disc  on  wnicn  tne  door  identification 


numDer  is  to  oe  clearly  stamped.  Construction  keying  is 
transter  ot  tne  facility  to  tn#  user. 


be  utilized  prior  to 


Design  Documentation 

39.  Sxetcn  Pians.  Sketcn  pians  ot  tne  proposed  tioor  layout,  tire 

protection,  eieccrica.  services  and  hydraulic  services  are  to  oe  forwarded  tc 
DGAW-AF  tor  concurrence. 


40.  Documentat  ton.  Documentation  for  this  project  is  to  De  reviewed  with 

t.-.is  Department  at  the  50%  and  90%  completion  stages. 
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4  1.  Tenoer  Documents.  Three  copies  of  the  completed  tender  documents  are  to 
oe  torwaraeo  to  DCAW-aF  nor  tinei  review  end  concurrence  prior  to  tne  ceiling  o: 
tenaers.  Tnese  documents  will  oe  treated  as  "Commerciai-in-Conf ldence* 


Anne  set:  A.  lone/ Loca  t  ion  Plan 


3.  Functional  Relationship  Diagram 


C.  Room  Data  Sneets 


Scneoule  o:  Signs  anc  Notices 


rw», 


Loca  t ion 


AS  PER  RELATIONSHIP  DIAGRAM 


APPENDIX  D 


ADMINISTRATIVE  SPACE  STUDY  FOR 
SCOTT  AFB 

BASE  COMPREHENSIVE  PLAN 


This  material  is  an  extract  only.  The  entire  document  can  be 
obtained  from  HQ  USAF/LEEVX,  Mr  Phil  Clark..  Not  all  figures 
and  tables  referred  to  in  this  extract  have  been  included. 

Pages  199  to  212  include  the  purpose  and  scope  of  the  study, 
show  tabulated  space  allocations  and  requirements,  and  define 
renovations,  demolitions,  and  new  construction  required. 

Pages  213  to  218  is  the  Administrative  Space  Requirements 
Survey  which  was  sent  to  all  Unit  and  Squadron  Commanders  at 
Scott  AFB.  It  was  instrumental  in  the  success  of  the  study. 


y.  y./.y.-w.-r- 
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ADMINISTRATIVE  SPACE  REQUIREMENTS 


Puroose  and  Scope 


The  Administrative  Space  Requirements  Study  is  a  planning  tool  used  to 
help  locate  administrative  functions  and  buildings  in  the  Base  Comprehensive 
Plan.  The  scope  of  the  study  is  to  determine  how  much  administrative  space  will 
oe  required  to  accommodate  each  organization  or  unit,  and  where  that  space 
should  be  located  to  carry  out  mission  and  functional  requirements.  This  report 
presents  findings  based  upon  an  analysis  and  tabulation  of  space  requirements 
and  functional  interrelationships.  In  addition  to  the  quantitative  data  on  future 
space  requirements,  the  study  addresses  long-term  suitability  of  present  admini¬ 
strative  space  in  relation  to  functional  and  locational  requirements,  particularly 
for  functions  now  housed  in  scattered  locations  and  in  nonpermanent  facilities. 
The  study  also  presents  recommendations  for  the  long-range  provision  of 
administrative  facilities  which  will  satisfy  the  space  and  functional  require¬ 
ments.  Data  presented  in  this  report  has  been  used  to  develop  land  use  and 
facility  recommendations  for  administrative  functions  in  the  Base  Comprehen¬ 
sive  Plan. 

Planning  Criteria 

The  primary  objective  for  the  study  is  to  provide  adequate  administrative 
space  for  each  unit  and  organization  to  carry  out  its  mission  in  the  optimal 
location  which  maintains  necessary  functional  relationships  within  the  organiza¬ 
tion  and  with  other  closely  associated  organizations.  Several  preliminary 
planning  criteria  which  support  this  objective  has  been  identified  as  guidelines 
for  the  study. 

1.  The  study  assumes  that  the  present  organizational  structure  will  be 
carried  forward  except  for  those  changes  already  approved  and  in  process. 

2.  The  study  should  provide  a  reasonably  permanent  solution  for  each 
organization's  space  requirements,  but  with  a  maximum  amount  of  flexibility 
built  in  to  allow  for  unexpected  change  in  assignments,  organization  or  mission. 

3.  All  units  or  elements  within  a  command  should  be  located  within  the 
same  building  or  building  group,  except  where  specific  functional  considerations 
allow  or  require  a  separate  location. 

4.  The  study  should  provide  for  co-location  or  locations  in  close  proxim¬ 
ity  to  promote  functional  relationships  between  closely  associated  organizations. 

5.  The  study  should  recognize  the  growing  importance  of  special  purpose 
space  to  support  administrative  functions,  especially  in  the  areas  of  data 
processing  and  employee  training. 


6.  The  study  should  be  directed  to  providing  space  in  permanent 
facilities  for  all  administrative  functions,  with  the  quality  of  administrative 
space  meeting  contemporary  standards  for  an  office  environment. 

7.  Planning  for  future  administrative  space  should  be  based  upon  the 
sum  of: 

a.  General  Administrative  Space  equivalent  to  135  square  feet  of 

gross  building  area  per  employee  working  in  general  office  space. 

b.  Special  Purpose  Administrative  Space  as  specified  in  Air  Force 

Regulation  36-2. 

This  amount  of  space  must  satisfy  current  functional  requirements,  and 
also  provide  for  common  building  elements  (e.g.,  hallways  and  mechanical  areas). 
Space  requirements  derived  from  applying  these  criteria  are  intended  only  to 
guide  long-range  planning;  future  planning  and  development  for  a  specific 
facility  must  be  based  upon  more  detailed  analysis  of  the  particular  space 
requirements. 

Administrative  Space  Requirements  Survey 

In  June  1984,  an  administrative  space  survey  was  distributed  to  all  unit  and 
squadron  commanders  as  the  initial  step  in  obtaining  data  on  future  administra¬ 
tive  space  requirements.  The  survey  asked  for  information  about  the  unit's 
mission,  organizational  and  functional  relationships,  number  of  authorized  ad¬ 
ministrative  personnel,  contractor  and  special  purpose  space  requirements,  and 
space  deficiencies.  A  copy  of  the  Administrative  Space  Requirements  Survey  is 
included  as  Appendix  A.  The  data  provided  by  the  individual  units  and 
organizations  in  their  response  to  the  survey  were  tabulated,  reviewed  and 
correlated  with  other  available  data.  These  results  were  then  used  to  prepare  a 
final  summation  of  space  requirements  and  diagrams  of  functionaT%icationaI 
relationships. 

Space  Requirements 

Using  the  current  planning  criteria  for  administrative  space  requirements 
(135  square  feet  of  gross  building  area  per  general  office  employee  plus  special 
purpose  space  requirements),  the  summation  of  space  requirements,  based  upon 
the  survey  responses,  indicates  a  total  administrative  space  requirement  of 
1,188,419  square  feet  of  gross  building  area.  The  total  is  well  in  excess  of  the 
total  of  1,025,000  square  feet  of  administrative  space  available  according  to  the 
Real  Property  Inventory  and  facility  plans,  and  nearly  three  times  the  present 
total  of  adequate  administrative  space  at  the  base. 


The  administrative  space  requirements  include  all  space  classified  in  Cate¬ 
gory  Group  61  -  Administrative  Facilites  as  specified  in  Air  Force  Regulation 
86-2;  administrative  space  requirements  which  are  classified  as  a  part  of 
training,  operational  or  other  facilities  have  not  been  included  in  the  study. 


Functional/Locational  Requirements 

As  part  of  the  Administrative  Space  Requirements  Survey,  units  were 
asked  to  identify  other  organizations  or  units  at  Scott  AFB  which  should  be  co¬ 
located  (in  the  same  building)  or  located  in  close  proximity.  Because  maintaining 
desirable  functional  relationships  is  a  major  objective  in  planning  for  future 
administrative  space  requirements,  all  interrelationships  specified  in  the  survey 
response  are  treated  as  primary  planning  requirements.  All  of  the 
interrelationships  specified  in  the  survey  response  were  charted  and  then  used  to 
construct  diagrams  of  ideal  functional  relationships  which  could  then  be  used  in 
analyzing  existing  and  proposed  arrangements  and  locations  of  administrative 
function.  The  diagrams  shown  in  Figures  1  through  3  provide  a  comprehensive 
overview  of  the  functional  relationships  between  units  as  well  as  the  relative 
number  of  personnel  within  the  related  units.  In  addition  to  those  relationships 
between  units  shown  in  the  diagrams,  the  study  assumes  that  there  are  close 
functioned  relationships  within  each  of  the  units  and  that,  as  stated  in  the 
planning  criteria,  all  elements  within  a  unit  should  be  located  within  the  same 
building  or  building  groups  (except  where  specific  functional  requirements  make 
a  separate  location  desirable). 

Relationships  which  require  co-location  of  units  exist  principally  in  two 
functional  areas:  between  units  of  the  375  AAW  and  375  ABG  responsible  for 
base  administration;  and  among  operational  units  such  as  the  57  AFS,  11  A  AS  and 
ASMRO.  Relationships  which  require  close  proximity  but  not  co-location  are 
broader  in  scope  and  include  a  network  of  relationships  among  HQ  MAC, 
HQ  AFCC,  HQ  AWS,  7  WW,  23  AF,  HQ  375  AAW  and  HQ  375  ABG.  Functional 
relationships  among  other  tenant  organizations  are  limited,  although  there  are 
exceptions  such  as  the  close  working  relationship  betw  ,en  DECCO  and  DCOAC. 

Based  upon  initial  analysis  of  the  functional  locations  relationships,  the 
significant  requirements  appear  to  be: 

1.  Co-location  of  closely  related  units  responsible  for  base  administra¬ 
tion. 

2.  Co-location  of  operating  units  carrying  out  interrelated  missions. 

3.  Co-location  of  all  related  units  within  each  organization's  headquar¬ 
ters  (including  MAC,  AFCC,  AWS  and  23  AF). 

4.  Close  proximity  between  organization  headquarters  of  MAC,  AFCC, 
AWS,  23  AF,  375  AAW  and  375  ABG. 

Location  of  Existing  Administrative  Space 

Existing  administrative  space  at  Scott  AFB  is  located  in  nearly  50 
buildings,  which  range  in  size  from  over  300,000  square  feet  of  gross  area  to  less 
than  1,200  square  feet  of  gross  area.  The  bulk  of  administrative  space  is  located 
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within  buildings  classified  as  administrative  facilities,  although  administrative 
space  is  also  located  in  a  number  of  operational  facilities.  As  part  of  the 
Administrative  Space  Requirements  Study,  existing  administrative  space  at  the 
base  was  identified  by  location  and  gross  area  for  each  unit  or  organization.  (See 
Table  1.)  The  gross  area  figures  shown  for  each  unit  sire  derived  from  the  Real 
Property  Inventory  and  occupancy  plans  provided  by  each  facility  manager,  and 
are  intended  to  provide  a  relative  measure  for  analyzing  the  present  location  of 
space  occupied  by  each  organization  or  unit  and  its  arrangement  in  relation  to 
functional  requirements. 

Figures  4  through  8  illustrate  the  present  arrangement  of  administrative 
facilities  for  all  organizations  at  the  base.  Space  occupied  by  the  375  AAW  and 
375  A8G  is  scattered,  with  a  relatively  high  degree  of  separation.  To  some 
extent,  this  corresponds  to  functional  requirements,  with  separation  of  base 
administration  and  services,  but  there  are  also  closely  related  administrative 
functions  which  are  separated  by  substantial  distances.  The  headquarters  of  the 
two  major  commands  (MAC  and  AFCC)  are  relatively  concentrated  in  arrange¬ 
ment  of  space,  although  some  major  elements  of  HQ  MAC  (data  automation  and 
communications)  are  located  in  the  South  Drive  area  away  from  related  units  and 
facilities.  Generally,  the  other  tenant  organizations  have  space  within  a  single 
building,  or  adjacent  buildings  located  to  maintain  their  desired  interrelation¬ 
ships  with  other  organizations. 

Adequacy  of  Administrative  Facilities 


The  existing  52  administrative  facilities  provide  a  gross  floor  area  of  just 
over  1,000,000  square  feet,  which  would  accommodate  approximately  84  percent 
of  the  total  requirement  of  1,188,419  square  feet  of  administrative  space. 
However,  only  one-third  of  the  existing  space  is  located  in  permanent  structures 
which  are  presently  suitable  for  long-term  administrative  use.  The  remaining 
space  is  considered  unsuitable  for  long-term  administrative  use  because  it  is 
located  in: 


1.  Buildings  of  temporary  construction:  28  buildings  with  302,423 
square  feet  of  floor  area.  These  are  mostly  World  War  n-era  buildings  which 
have  already  exceeded  their  25  years'  economic  life  span.  Also  in  this  category 
are  various  "modular"  structures  which  have  been  used  to  provide  for  critical 
space  deficiencies,  but  cannot  be  considered  adequate  as  long-term  facilities. 

2.  Buildings  of  semi-permanent  construction:  nine  buildings  with 
135,118  square  feet  of  floor  area.  These  are  of  wood  frame  construction,  built 
between  1952  and  1955,  and  are  generally  obsolescent  for  administrative 
purposes.  However,  some  of  these  facilities  may  be  suitable  for  other  uses. 

3.  Buildings  of  permanent  construction  which  are  improperly  located  or 
configured  for  long-term  administrative  use:  seven  buildings  with  47,635  square 
feet  of  floor  area.  These  are  smaller  buildings,  some  of  which  have  been 
converted  from  an  earlier  nonadministrative  use  and  not  properly  configured  for 
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Table 


JlSth  Consoli¬ 
dated  Maintenance 
Squadron 


Preparedness 


NOTES  TO  TABLE  1 


Existing  space  allocation  is  derived  from  Real  Property  Inventory  and  checked  against 
gross  square  footage  measured  from  building  plans  provided  by  facility  managers.  Gross 
square  feet  includes  common  building  areas,  and  actual  ratio  of  gross  to  net  square  feet 
will  be  different  for  each  facility. 

P  =  permanent  building;  S  =  semipermanent  building;  T  =  temporary  building. 

Condition  categories  are: 

1  =  Usable  as  is  for  designated  function. 

2  =  Usable,  but  requires  alteration/maintenance/repair  to  raise  to  Condition  Code 

1. 

3  =  Forced  Use,  a  facility  which  cannot  practically  be  raised  to  Condition  Code  1 

for  the  current  designated  use. 

General  office  staff  is  total  administrative  staff  less  personnel  working  within  special 
purpose  space  and  personnel  working  on  second  or  third  shifts. 

General  office  space  is  calculated  at  135  square  feet  of  floor  area  per  general  office 
employee. 

Abbreviations  for  Special  Purpose  Space  are: 

EDP  =  Central  data  processing  (word  processors/personal  computers  are  not  consid¬ 
ered  special  purpose  space). 

TNG  =  Training  rooms/classrooms 
ST  =  Special  equipment  storage 
LIB  =  Library 

Additional  space  is  space  required  to  accommodate  projected  increase  in  staff  FY  35-87 
plus  special  purpose  space  specified  to  meet  additional  requirements. 

Total  gross  area  of  17,690  square  feet  allocated  to  HQ  375  AAW  includes  space 
occupied  by  CC,  DO,  PA,  SE,  SG,  RM,  and  LGX. 

Gross  area  of  5,904  square  feet  allocated  to  375  AAW/LGT  also  includes  space  occupied 
by  375  AAW/SEG. 

Total  gross  area  of  9,866  square  feet  allocated  to  HQ  375  ABG  includes  spaces  occupied 
by  CC,  CCQ,  DA  and  SV. 

Requirement  calculated  as  1.5  times  the  net  square  foot  requirement  in  AFM  86-2, 
Ch.  13,  Sec  C. 

Includes  administrative  staff  of  HQ  Airlift  Communications  Division  which  merged  with 
HQ  MAC/AD  on  1  January  1985  to  form  HQ  MAC/SI;  does  not  include  staff  working  in 
special  purpose  space  in  Building  1600. 

Includes  Contractor  personnel. 

Included  in  HQ  Military  Airlift  Command. 
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SUMMARY  OF  FUTURE  ADMINISTRATIVE 
FACILITY  REQUIREMENTS 


Existing  Facilities  To  Remain 


Building  No. 


Area 

(Gross  Square 


3 

4 
40 

433 

700 

1575 

1600 

4001 


29,483 

39,379 

164,950 

16,500 

34,607 

46,536 

304,525 

21,925 

Total  657,905 


Existing  Facilities  To  Be  Removed 


Feet) 

(1) 

(1) 
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Table  2  (Continued) 


Existing  Facilities  To  Be  Converted 


To  Nonadministrative  Use 

Building  No. 

Area 

(Gross  Square  Feet) 

7 

1,225 

43 

4,869 

50 

9,701 

52 

8,568 

56 

9,871 

61 

6,551 

150 

2,795 

1510 

1,755 

1512 

975 

1534 

13,926 

3660 

14.550 

Total 

74,786 

Future  Construction 

Facility  Name 

Area 

( Gross  Square  Feet) 

HQ  AFCC 

218,000 

DECCO/DCOAC 

72,000 

Consolidated  Computer 

Facility  Addition 

88,000 

HQ  MAC  Addition 

50.000 

Consolidated  Personnel/ 

Finance  Facility 

87,000 

Base  Civil  Engineering  Facility 

27,000 

Base  Communications  Facility 

23,000 

Communications  Engineering  Facility 

53,000 

Vehicle  Operation  Mgt.  Facility 

6,400 

Traffic  Management  Facility 

12.500 

Total 

636,900 

(1) 


Includes  space  now  occupied  by  nonadministrative  facilities. 


Table  3 


FACILITY  DEFICIENCIES 
Scott  Air  Force  Base,  Illinois 


CAT  CODE 

FACILITY 

DEFICIENCY 

SOURCE 

112  211 

TAXIWAY,  PARALLEL 

76,700  SY 

MCP 

116  667 

PAD,  CALIBRATION 

2,061  SF 

MCP 

116  672 

PAD,  AC  FT  WASH  RK 

2  EA 

AFM  86-2 

123  335 

VEH  FL  STN 

9  OL 

AFM  86-2 

131  116 

COMM  RECEIVER 

4,000  SF 

F-TAB 

131  132 

SAT  COMM  TRML 

7,000  SF 

MCP 

134  375 

RAPCON  CEN 

6,034  SF 

MCP 

136  661 

LIGHT,  RUNWAY  APPROACH 

1,500  LF 

MCP 

141  783 

TRML,  AIR  FREIGHT/PASS 

67,000  SF 

MCP 

149  962 

CONTROL  TOWER 

1  EA 

AFM  86-2 

171  158 

BAND  CENTER 

9,000  SF 

AFM  86-2 

171  443 

RESERVE  STORAGE 

7,500  SF 

INTERVIEW 

179  477 

GRENADE  LAUNCHER  RANGE 

1  EA 

INTERVIEW 

211  111 

HG  MAINT 

33,846  SF 

211  152 

ACFT  MAINT  FCLTY 

64,500  SF 

MCP 

211  157 

FIELD  MAINT  FCLTY 

40,000  SF 

MCP 

211  161 

COR  CON  UTIL  STOR 

240  SF 

AFM  86-2 

217  712 

AVIONICS  SHP 

10,000  SF 

AFM  86-2 

218  712 

ACFT  SUP  EQUIP  SHP 

11,250  SF 

AFM  86-2 

218  852 

SURVIVAL  EQUIP  SHP 

3,582  SF 

AFM  86-2 

219  943 

BCE  PAV  GRND  FCLTY 

6,000  SF 

AFM  86-2 

219  944 

BCE  FCLTY 

55,000  SF 

MCP 

219  944 

BCE  MAINT  SHOP 

14,109  SF 

AFM  86-2 

422  257 

MUNITIONS  STOR  FCLTY 

5.409  SF 

MCP 

442  515 

MEDICAL  STOR 

15,655  SF 

AFM  86-2 

442  758 

RETAIL  SALES  FCLTY 

20.000  SF 

MCP 

442  769 

HOUSING  SUPPLY  STOR 

4,000  SF 

INTERVIEW 

Table  4 


PLAN 

REF. 

NO. 


PROPOSED  FACILITIES 
Scott  Air  Force  Base,  Illinois 


CAT  CODE 

FACILITY 

DEFICIENCY 

112  211 

TAXIWAY,  PARALLEL 

76,700  SY 

116  667 

PAD,  CALIBRATION 

2,061  SF 

116  672 

PAD,  ACFT  WASH  RK 

2  EA 

123  335 

VEH  FL  STN 

9  OL 

131  116 

COMM  RECEIVER 

4,000  SF 

131  132 

SAT  COMM  TRML 

7,000  SF 

134  375 

RAPCON  CEN 

6,034  SF 

136  661 

LIGHT,  RUNWAY 

APPROACH 

1,500  LF 

141  783 

TRML,  AIR  FREIGHT/PASS 

67,000  SF 

149  962 

CONTROL  TOWER 

1  EA 

171  158 

BAND  CENTER 

9,000  SF 

171  443 

RESERVE  STORAGE 

7,500  SF 

179  477 

GRENADE  LAUNCHER 

RANGE 

1  EA 

211  111 

HG  MAINT 

33,846  SF 

211  152 

ACFT  MAINT  FCLTY 

64,500  SF 

211  157 

FIELD  MAINT  FCLTY 

40,000  SF 

211  161 

COR  CON  UTIL  STOR 

240  SF 

217  712 

AVIONICS  SHP 

10,000  SF 

218  712 

ACFT  SUP  EQUIP  SHP 

11,250  SF 

218  852 

SURVIVAL  EQUIP  SHP 

3,582  SF 

219  943 

BCE  PAV  GRND  FCLTY 

6,000  SF 

219  944 

BCE  FCLTY 

55,000  SF 

219  944 

BCE  MAINT  SHOP 

14,109  SF 

422  257 

MUNITIONS  STOR  FCLTY 

5,409  SF 

432  283 

COLD  STOR  BSE 

3,698  SF 

EXPLANATION 

MCP  91  (Plus  Related  Fclty) 
MCP  91  (Moved  by  Taxiway) 
Co-Locate  with  311  161 

Expand  Bldg  1089 
MCP  86 
MCP  88 

MCP  91 

MCP  91  (On  Apron) 

Renovate  Bldg  56 
FY  86 

Landfill  Site 

MCP  90 
MCP  91 

Co-Locate  with  116  672 


Consolidate  BCE  Fclty 
MCP  90 
AFM  86-2 
MCP  88 

Move  from  Comm  Ctr 
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DEPARTMENT  OP  THE  AIR  FORCE 

H<AOOU< RT(«S  JTSTm  *1*  SASC  GROUP  IMAC) 
SCOTT  Ain  fORCf  SASC  ILLINOIS  62223 


f.V 


v\-. 


r 


7^°  DEER  (Ms.  Watkins,  2926) 

Administrative  Space  Survey 


1 1  JUN  1984 


•c  ALL  UNIT  AND  SQUADRON  COMMANDERS 

1.  We  are  asking  for  your  assistance  in  gathering  requirements  data  for  your 
administrative  space  at  Scott  AFB.  The  scope  of  our  data  must  encompass  all 
organizations,  whether  Air  Force,  DOD,  tenants  or  regularly  assigned  contractor 
personnel.  The  data  collected  will  be  incorporated  into  a  base-wide  Administra¬ 
tive  Space  Study  and  used  in  our  Base  Comprehensive  Plan  for  future  development. 
Additionally,  the  data  will  be  used  to  support  our  proposals  for  construction 

of  additional  administrative  space  or  for  relocation/realignment  of  existing 
organizations.  You  are  encouraged  to  employ  your  best  personnel  in  the  comple¬ 
tion  of  this  survey  as  this  data  will  be  used  to  plan  and  program  your  current 
and  projected  administrative  space  requirements. 

2.  A  survey  package  is  attached  for  completion  and  return  to  the  above  office 
no  later  than  30  Jul  34  along  with  your  endorsement.  (In  addition,  we  ask  that 
your  project  officer  contact  this  same  office  upon  receipt  of  this  package.) 


Gr.ORCE  R 
Commander 


.  DIXON,  Colonel,  USAF 


l  Atch 

Administrative  Soace  Survev 


Jr' 


» 


Global  in  Mission  —  Professional  in  Action 
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ADMINISTRATIVE  SPACE  REQUIREMENTS  SURVEY 
INSTRUCTIONS  AND  DATA  DESCRIPTION 

The  informat lon/data  we  request  consists  of  completing  the  198-5  Data  Worksheet 
P'.ease  call  37S  ABG/DESR,  Extension  2926,  so  that  we  may  verify  your  receipt 
of  this  package.  In  addition  we  request  that  your  unit  commander  review  and 
endorse  the  completed  package  before  it  is  returned  to  us. 

1984  DATA  WORKSHEET 

1.  Name  or  designation  of  your  unit  or  organisation. 

2.  what  is  the  parent  organisation  or  headquarters  to  which  your  organisation 

reports?  _ 

5.  Briefly  describe  your  organisational  mission.  Note:  If  your  organisation 
ias  a  prepared  mission  statement,  such  as  for  press  releases,  simply  include 
it  as  an  attachment  to  vour  submission  rather  than  making  a  resDonse  here. 


Is  there  another  organisat toms  1  or  unit(s)  at  Scott  Air  Force  3ase  wi-.h 
which  your  organisation  should  be  co-located  in  the  same  building  or  located 
m  close  proximity?  If  so,  please  enter  the  name  of  that  organisation. 


a.  Please  indicate  the  below  listed  conditions  which  should  be  met 
regarding  your  organisation  and  the  unit(s)  or  organisation's)  cited  m  pa 
-5  by  striking  out  the  conditions  which  do  not  apply. 

(1)  Co- iocated/Close  Proximity  .Strike  out  one) 

(2)  Location  is:  Mandatory/Preferred  (Strike  out  one, 

b.  3riefly  explain  the  reason  why  your  organisation  must  be  located 
proximity  or  co-located  with  the  unit(s)  or  organi sation  (s )  cited  m  part 


3.  Administrative  Space  Requirements  are  based  on  two  considerations.  Th 
are  the  requirements  for  special  purpose  space  (addressed  further  on'  ana 
snace  for  personnel  working  in  an  office  environment.  To  determine  the 
number  of  personnel  in  your  organisation  for  whom  we  must  provide  office 
snace,  please  complete  the  following  calculation.  Note  that  this  data  mus 
be  based  upon  personnel  authorised  (from  your  Unit  Manning  Document)  not  : 
number  of  personnel  on  board  or  assigned. 

a.  Total  administrative  personnel  authorised:  _ 

b.  Authorised  personnel  working  exclusively  wit.nin 

special  purpose  space.  Include  all  shifts.  _ 

c.  Subtract  b  from  a  and  enter  result: 


■■  ■*  **r-V  -•  -■  --v  j.  v  1/V  >  ^ 


-  •  Ad'ustment  tor  shirt  personnel: 

Determine  the  number  of  author!  ted 
personnel  working  on  a  second  or 
third  shift  who  use  exact Iv  the  same 
administrative  space  as  the  personnel 
present  during  the  normal  duty  day  and 
enter  here: 

e.  Subtract  d  from  c  and  enter  here: 

The  produc*  of  line  Se.  represents  the  number  of  personnel  in  your 
;am  cation  mai  must  be  provided  office  space.  If  there  is  a  known 
mgo  m  yc„:  p-.rsonnel  authorisation,  within  the  next  3  years,  which 
.  t  o:cur  lai  to  mission  change  or  other  causes,  please  indicate  below 

a.  The  number  of  personnel  to  be  gained  or  lost. 

b.  When  will  this  change  occur? 

c  .  What  is  the  cause  of  this  change? 


Provision  for  contractor  personnel.  Ts  your  organization  obligated 
l'  contract  or  agreement  to  provide  administrative  space  for  contractor 
ersonnel  such  as  Field  Engineers  or  others’ 

a.  If  so,  and  the  amount  of  space  for  contractor  use  is  specified 
n  tne  agreement,  identify  the  contractor  and  the  total  area  (in  sq. 

,  please:  which  we  are  ooligated  to  provide. 


Contractor f sl 


Area  Soecified  ! S F h 


TOTAL  CONTRACTOR  .AREA _ 

b.  If  a  specified  area  is  not  called  for  in  the  contract,  please 
de  t.-.e  following  information  regarding  contractor  personnel. 

urn  -tumoer  of  Contractor  Personnel  Present  During  .Any  Shift 

of  Contractor  or  Comoanv 


of  Contact  for  Contractor: 


TELEPHONE  NUMBER 


SPECIAL  PURPOSE  SPACE: 


This  term  applies  to  areas  that  are  required  to  meet  special  administrative 
needs.  Auditoriums,  libraries,  training  rooms,  drafting  rooms  and  rooms 
housing  electronic  data  processing  (EDP)  and  associated  equipment  are  examples 
of  this  type  of  space.  Be  sure  when  identifying  EDP  equipment  that  you  allow 
sufficient  space  as  required  by  manufacturer's  instructions. 

Example:  Special  Purpose  Requirements: 

Aeromedical  Evacuation  Operations  Support:  2S0  SF.  Provides  space 
for  current  and  near-term  programmed  Electronic  Data  Processing  and  tele¬ 
communications  equipment  used  in  support  of  command  and  control  activities. 
(.Please  use  the  attached  worksheets  for  your  calculations) 

NOTE :  Current  Air  Force  Regulations  do  not  include  word  processing  equipment 
nor  mini -computers  (desk  top  terminals)  as  part  of  the  definition  of  Special 
Purpose  Space.  By  separate  calcalation  indicate  the  count  and  the  amount  of 
space  (SF)  used  by  this  type  equipment  in  your  organization. 

Count  SF 


Word  Processing  Equipment 


Mini -computer 
DEFICIENCIES/FORCED  USE: 


To  identify  the  shortfalls  of  administrati ve  space  and  special  purpose  space, 
tell  us  the  amount  of  additional  square  footage  needed  to  adequately  support 
your  existing  function  3nd/or  any  future  expansion.  For  example,  identify 
areas  of  forced  use  within  a  building,  file  cabinets  in  stairwells,  distribution 
or  storage  in  hallways,  etc.  Briefly  describe  each  requirement  and  tell  us 
how  much  total  space  is  needed  to  adequately  support  these  forced-use  areas. 

Again  if  there  is  any  anticipated  growth  in  the  areas  identified  as  special 
purpose,  indicate  what  changes  are  expected  in  equipment  and  estimate  the 
square  footage  needed  to  house  it.  Also  include  as  a  deficiency  any  function 
which  would  take  place  if  there  were  adequate  space  but  due  to  present  limitations 
is  not  performed. 

Sxamo le : 


Deficiencies/Forced  Use: 

Storage  cabinets  located  in  hallway;  50  SF.  Due  to  the  crowded  office 
condition,  storage  cabinets  are  located  in  hallway  resulting  in  hazardous 
conditions.  (Please  use  attached  worksheets  for  your  calculations) 


APPENDIX  E 


COMPUTER  APPLICATIONS  FOR  SPACE  PLANNING  AND  MANAGEMENT 


The  following  is  a  review  of  Space  Planning  computer  software 
and  of  computer  systems  developed  and/or  used  by  current  US 
Arch i tect-Eng i neer  firms  in  the  areas  of  Space  Planning  and 
Space  Management. 


1.  ALDEP  (Automated  Layout  Design  Program)  was  developed  by 
International  Business  Machines  (IBM)  and  documented  by 
Seehof  and  Evans  (48)  in  1967.  It  uses  a  square  grid  floor 
plan  representation  and  attempts  to  assign  modules  to  grid 
locations  such  that  adjacency  requirements  are  met  (39:441). 
Francis  and  White  (23),  Gaither  (25),  and  Mitchell  (39) 
outline  the  process. 

A  building  outline  must  be  input,  to  set  boundaries  for 
the  layout.  ALDEP  randomly  selects  a  department  or  activity 
and  places  it  in  the  layout.  A  relationship  chart,  input  as 
a  triangular  matrix, 

is  scanned,  and  a  department  having  a  high  closeness 
rating  to  that  already  located  is  placed  in  the  layout. 
This  process  is  continued  until  either  all  departments 
have  been  placed  or  no  departments  available  for 
placement  have  a  high  closeness  rating  with  departments 
already  placed.  In  the  latter  situation,  a  department 
is  randomly  selected  from  those  available  for  placement. 
...  The  selection  process  continues  until  all 
departments  are  placed.  The  score  for  the  layout  is 
determined  by  totalling  for  adjacent  departments  the 
numerical  values  assigned  to  the  closeness  ratings 
(23:102). 

Each  repetition  of  the  process  produces  a  different 
solution.  The  designer  determines  the  number  of  alternatives 
required  and  evaluates  them  in  terms  of  total  score  and  any 
other  criteria  not  considered  by  the  program.  The  assigned 
closeness  ratings  are: 

A  =  43  =  64,  E  =  42=  16,  1=4’  =4, 

0  =  4°  =  1,  U  =  0,  X  =  ( -4 ) 3  =  -1024 
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where  A,  E,  I,  0,  U,  and  X  are  as  defined  by  Muther  in 
Systematic  Layout  Planning  (‘13),  see  Figure  1  in  Chapter  71. 
A  minimum  allowable  score  can  be  set  such  that  only 
alternatives  with  an  acceptable  score  are  printed  out.  It  i 
customary  to  set  the  minimum  score  for  the  first  run  at  zero 
and  use  the  maximum  score  for  all  alternatives  generated  as 
the  minimum  acceptable  score  on  the  next  run  (23:103).  The 
program  is  also  designed  to  avoid  extreme  zig-zagging  of 
activity  borders  (23:104).  Seehof  and  Evans  expand  on  the 
scoring  system: 

The  layout  score  is  the  summation  of  the  preference 
value  for  adjacent  departments.  For  each  module  (grid 
square)  of  the  building,  the  preference  value  of  the 
eight  surrounding  modules  is  added  to  the  layout  score. 
Then  the  preference  value  is  set  to  zero  so  that  it  is 
added  only  once  to  the  layout  score.  (43:693) 

A  sample  problem  is  shown  below  (23:103-103).  A  space 

requirements  table  and  relationship  matrix  (Figure  El)  are 

input  for  10  departments,  and  three  successively  better 

maximum  score  alternatives  are  produced  from  three 

consecutive  program  runs  (Figures  E2,  E3,  and  E4).  A  fourth 

run  did  not  produce  a  higher  score  alternative.  Note  that 

unallocated  spaces  are  shown  with  zeros  on  the  printouts. 

2.  CORELAP  (Computerized  Relationship  Layout  Planning)  was 
developed  by  Lee  and  Moore  between  1965  and  1967.  In  their 
journal  article  bearing  the  program's  name  (35)  they  compare 
the  program  to  ALDEP  and  highlight  the  advances  made  by 
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•  ALDEP  Data  Input  for  Sample  Problem  (a)  Floor 
Space  Requirements  for  a  Ten  Department  Facility 
(b)  Relationship  Chart  in  Matrix  Form  (23) 
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E2.  ALDEP  Output  for  Sample  Problem:  Trial  1  (23) 
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Figure  E3 .  ALDEP  Output  for  Sample  Problem:  Trial  2  (23) 


TRIAL  LAYOUT 


ISC  SCORE  -  422 


10 

10 

10 

10 

0 

0 

10 

10 

10 

10 

0 

0 

10 

10 

10 

10 

0 

0 

10 

’0 

10 

10 

0 

0 

10 

10 

10 

10 

0 

0 

10 

10 

10 

10 

0 

0 

10 

10 

10 

10 

0 

0 

10 

10 

10 

10 

0 

0 

10 

10 

10 

10 

0 

0 

1 

10 

10 

10 

0 

0 

1 

1 

10 

10 

0 

0 

1 

! 

10 

10 

10 

10 

1 

1 

10 

10 

10 

10 

1 

1 

10 

10 

10 

10 

! 

1 

10 

10 

10 

10 

2 

1 

10 

10 

10 

'0 

2 

2 

JO 

10 

10 

10 

2 

2 

10 

10 

10 

10 

2 

2 

10 

10 

10 

10 

2 

2 

10 

10 

to 

10 

2 

2 

10 

10 

10 

10 

2 

2 

10 

10 

10 

10 

2 

2 

10 

10 

10 

10 

2 

T 

10 

10 

10 

10 

2 

2 

10 

10 

10 

10 

2 

2 

10 

10 

10 

10 

2 

2 

10 

10 

10 

10 

2 

2 

10 

10 

10 

10 

10 

10 

10 

10 

2 

2 

10 

10 

10 

10 

2 

2 

10 

10 

10 

10 

2 

10 

10 

10 

10 

0 

0 

0 

0 

0 

0 

Figure  E4 .  ALDEP  Output 


Sample  Problem:  Trial  3  (2^) 


CORELAP . 


While  the  program  is  based  on  a  heuristic 


algorithm,  as  is  ALDEP, 

it  is  a  path-oriented  analysis  of  the  layout  proble.r, 
which  builds  systematically  by  adding  one  department 
upon  another  until  a  final  layout  is  achieved,  whereas 
ALDEP's  method  of  arriving  at  a  final  layout  is  not  path 
oriented.  This  is  to  say,  each  randomly  generated 
layout  has  no  connection  with  the  previous  layout 
(35:196). 

Muther,  the  developer  of  SLP,  assisted  in  the  development  ;  f 
CORELAP.  Like  SLP,  CORELAP  "arrives  at  the  logical  block 
plan  layout;  however,  it  can  in  no  way  be  construed  to  be 
optimum  in  the  strict  mathematical  sense"  (35:196). 

The  major  differences  to  ALDEP  are  as  follows  (22:109- 


115  )  : 

a.  A  building  outline  is  not  required; 

b.  It  is  possible  to  place  a  constraint  on  the  length  to 
width  ratio  of  the  final  layout; 

c.  Departments  can  be  pre -ass igned ,  but  only  along  the 
layout  perimeter. 

d.  The  following  numerical  values  are  assigned  to  the 
closeness  ratings: 

A  =  6,  E  =  5,  1=4,  0=3,  U  =  2,  X  =  1 

Total  Closeness  Rating  (TCR)  for  department  i  is  defined  as 

m 

TCR  t  =  E  V ( r . .  ) 

1  j=l  1J 

where 

V(r..  )  is  the  numerical  value  assigned  to  the  closeness 
1  rating  for  departments  i  and  j,  and 

m  is  the  number  of  departments 


The  order  of  placement  in  boned  or.  the  hi  jr.ect  TTR  with 
.tern  already  1  :  're  j  i  r.  the  1  v/out . 

e.  TCRELA?  irr  an  yes  dep  ar  '.rents  in  the  layout  differently. 
ALTER  employs  a  ver  “io.il  scan  routine  to  restrict  the 
irregularity  of  “he  shape.  CORELAP  evaluates  a  number 
of  possible  locations  for  a  rectangular  shaped 
department,  as  well  as  a  number  of  different  rectangular 
shapes  for  the  department.  Its  evaluation  is  based  on 
the  total  length  of  common  boundaries  with  highly  rated 
ad; acent  departments. 

Ar.  example  of  CORELAP  input  and  output  is  at  Figures  E5,  and 

E6 .  The  relationship  chart  used  is  at  Figure  1  in  Chapter 

IT.  CORELAP  was  designed  for  application  to  the  layout  of 

large  manufacturing  plants.  However,  it  has  been  used  on  all 

facility  types.  Lee  and  Moore  state  that 

In  the  design  of  a  new  plant,  it  makes  no  sense  whatever 
to  'stuff'  a  layout  into  an  existing  building  only  to 
pay  the  cost  in  inefficiencies  as  long  as  the  layout  is 
in  use.  A  new  building  needs  to  be  built  to  maximize 
the  effectiveness  of  the  process  it  houses.  The  CORELA? 
program  is  designed  to  provide  this  information 
(35:200. 

An  interactive  form  of  CORELAP  has  been  developed  which  has 
significantly  improved  the  designer's  abilities  to  relocate 
activities  manually. 

3.  CRAFT  ( Ccmpu ter i zed  Relative  Allocation  of  Facilities 
Technique)  was  developed  by  Buffa  and  Armour  in  1964,  before 
either  ALDEP  or  CORELAP.  It  was  intended  for  use  in  design 
of  layouts  where  material  handling  costs  were  a  major 
consideration.  It  employs  a  heuristic  improvement  algorithm 
which  seeks  to  minimize  material  handling  costs. 

Input  includes  flow  data  (quantity  of  goods  passing 
between  departments),  material  handling  cost  data,  an  initial 
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Oirtpur  of  firtt  Department,  29,  Entered  into  loyout. 


0  Output  Showing  Arrangement  of  Second  Department, 
0  34,  with  Department  29. 


Output  (ndicon'ng  where  Third  Department,  32, 
It  Added  into  rhe  layout. 


Figure  E5 . 


C0RELAP  example,  (a)  Departmental  Area 
Requirements  (b)  Computation  of  Total 
Closeness  Ratings  (c)  Output  Showing 
Successive  Addition  of  Three  Departments  (3S) 
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Figure  E6 .  CORELAP  example  —  Final  Block  Layout  Output 
Zeros  Refer  to  Unallocated  Space  (is) 
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layout,  and  number  and  locations  of  fixed  departments.  It 
seeks  an  optimum  design  by  making  improvements  in  the  layout 
in  sequential  fashion.  It  is  sometimes  referred  to  as  a 
quantitative  layout  program,  and  ALDEP  and  CORELAP  (which  ar 
based  on  activity  relationships )  are  referred  to  as 


qualitative  layout  programs  '23:125). 


describe  the  process: 


Francis  and  White 


CRAFT  first  evaluates  a  given  layout  and  then  considers 
what  the  effect  will  be  if  department  locations  are 
interchanged.  If  improvements  can  be  made  by  making 
pairwise  exchanges,  the  exchange  producing  the  greatest 
improvement  is  made.  The  process  continues  un  ti  i  ^  no 
improvement  can  be  made  by  pairwise  exchanges.  Only 
departments  with  common  borders  or  of  the  same  area  are 
considered  for  exchanges  of  location  (23:125-125). 

Voilmann  has  broadened  the  application  of  CRAFT  to  layout  of 

non-manufacturing  activities  and  offices,  but  the  basic 

material  flow  algorithm  has  remained  constant  (57;58). 


4.  SEARCH  (System  Evaluation  of  Architectural  Criteria)  wa 


designed  by  the  US  Army  Corps  of  Engineers  Construction 
Engineering  Research  Laboratory  (CERL)  in  1975  to  automate 
the  checking  of  plans  for  their  Military  Construction  Progra 
CMCP)  for  functional  compliance  with  project  briefs  (39:473) 
In  1983  it  was  combined  with  other  stand-alone  systems  to 
produce  the  CAEDS  (Computer  Aided  Engineering  and 
Architectural  Design  System).  CAEDS  supports  the  entire 


facility  design  process,  starting  from  the  initiation  of 
requirements  and  continuing  through  to  the  preliminary  and 
final  design  phases.  It  also  produces  working  drawings  and 


s .  -r,  fV  ./ .<  -J  •• 
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and  contains  in 


estimates. 


its  database  extensive 


standard  facility  designs. 

The  SEARCH  module  includes  walking  distance,  acoustic 
separation,  line  of  sight,  handicap  accessibility,  as 
criteria  for  evaluating  alternatives.  It  cannot  design 
layouts.  The  SKETCH  module  is  used  to  develop  custom  layouts 
or  to  modify  standard  layouts,  and  provides  a  wide  array  of 
standard  architectural  details. 

Other  modules  in  the  CAEDS  system  are:  DIS  (Design 
Information  System)  which  reviews  project  information  from  an 
automated  DD  1391  database  for  identification  of  projects 
which  can  use  standard  designs  as  a  starting  point;  BLAST, 
which  analyses  alternative  designs  for  energy  efficiency;  and 
CACES,  which  estimates  construction  costs  direct  from  design 
drawings . 

CAEDS  was  used  in  the  preliminary  design  stages  of  200 
projects  in  the  1984  US  Army  MCP.  A  review  of  the  entire 
CAEDS  system  was  made  by  J.  Spoonamore,  one  of  the  SEARCH 
module  developers,  in  CAEDS  Computer  A ided  Eng  ineer  inq  and 
Arch i tectural  Design  (53). 


5.  The  Harness  hospital  design  system  was  developed  in 
1972-3  under  the  sponsorship  of  the  United  Kingdom  (UK) 
Department  of  Health  and  Social  Security.  Mitchell  describes 


A  Harness  hospital  is  assembled  by  arranging 
standardised,  pre-dos igned  hospital  departments  along  a 
circulation  spine.  Rules  of  assembly  are  defined  for 
this  k  1 1  -o  f  -par  ts ,  so  that  the  range  of  potential 
arrangements  suitable  for  a  given  situation  is  well- 
defined  and  relatively  small  (39:101'!. 

The  system  automatically  generates  layouts  according  criteria 

input  by  the  planner  or  designer. 

6.  CEDAR  3_,  developed  in  1975  for  use  by  the  UK  Government 
Property  Service  Agency,  is  intended  for  use  at  the  sketch 
design  stage,  to  "facilitate  the  comparison  alternative 
building  geometries  and  site  layouts  with  respect  to  capital 
and  running  costs"  (39:102). 

7.  The  DOMINO  floor  plan  layout  program,  developed  by 
Mitchell  and  Dillon  in  1972,  locates  spaces  with  defined  sice 
(number  of  grid  modules)  and  shape  into  a  defined  building 
envelope.  Tasks  are  formulated  as  quadratic  assignment 
problems.  The  criteria  used  are  distance  and  traffic  volume 
between  departments.  It  has  been  applied  to  open  office  and 
department  store  planning. 

Spaces  are  placed  until  no  space  in  the  a  particular 
required  location  remains.  The  order  of  locating  activities 
is  by  the  Ordered  Score  method.  A  process  called 
'backtracking'  is  then  employed  automatically,  whereby  the 
space  which  was  last  located  is  relocated  so  that  other 
spaces  may  be  added  (39:465).  An  example  is  provided  at 
Figure  E7 .  The  program  attempts  to  add  new  spaces  to  the 
perimeters  of  located  spaces  to  which  there  are  high 
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interact  ions 


Backtracking  is  necessary  if  there  is 
insufficient  room  for  the  added  space  at  the  chosen  perimeter 
location.  A  new  perimeter  location  is  then  selected  and 
fried. 

7.  The  DPS  (Design  Problem  Solver)  program  was  developed  in 
1975  to  arrange  furniture  and  equipment  in  a  room  in 
accordance  with  a  constraint  graph  specifying  proximity, 
separation,  and  other  requirements.  The  program  attempts  to 
place  each  item  in  the  room  one  by  one  so  that  no  constraints 
are  violated.  There  are  diagnostic  procedures  to  tell  the 
designer  the  reason  why  any  item  cannot  be  placed  (39:466). 

3.  LOKAT  was  developed  in  1972  and  reviewed  by  a  Bernholtz 
and  Fosburg  in  an  article  entitled  Spat ial  A1 1  oca t ion  in 
Des ign  and  Planning  (7).  It  deals  with  two  and  three 
dimensional  spatial  allocation  and  can  handle  many  matrices 
treating  many  different  qualitative  and  quantitative  criteria 
in  one  problem.  Matrices  can  be  weighted  to  reflect  the 
importance  of  various  criteria.  It  has  been  applied  to 
multi-story  office  building  layout  redesign,  manufacturing 
plants,  a  hospital,  a  law  faculty  building,  and  housing  unit 
layout.  It  can  generate  alternatives  and/or  evaluate 
existing  layouts,  can  design  with  or  without  the  input  of 
preset  activity  locations,  building  envelope  and  utility 
constraints,  elevators,  stairwells,  and  lobbies. 
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rol  atior.ships  and  constraints  are  input  by  the  matrices. 

will  also  evaluate  and  score  each  alternative  on  an  overal 

basis  and  according  to  each  criteria  (7).  Grant  states 

the  decisions  and  sophistication  built-in  are  design 
decisions,  not  operations  research  nor  mathematical  r. 
programmer  decisions.  The  inherent  internal  design 
flexibility  is  thus  at  a  maximum  (26:30). 

Many  more  space  planning  systems  and  software  package 

have  been  developed  ever  recent  years.  The  following  are 

just  some;  CIRCUL,  HIDECS  2_  (Hierarchical  Decomposition 

Techniques),  CASAT  (Computer  Aided  Space  Allocation 

Technique),  BUREX,  IMAGE,  MATCH,  PLAN,  SPACE,  PLANET,  Reus 

CAD,  SPACE-PLAN,  RELATE,  and  ALGOL.  GPSS,  SIMSCRIPT,  and 

SIMULA ,  are  minicomputer  programs. 

The  last  three  of  these  are  simulation  programs. 

AutoCAD,  VersaCAD,  CADkev,  and  EasvCAD,  are  four  software 

packages  built  specially  for  personal  computers  (PCs)  and  a 

readily  available.  The  USAF  has  shown  an  interest  in 

purchasing  CAD  systems  and  training  personnel  to  use  them 

(2).  HQ  USAF  Space  Command  is  currently  purchasing  ten  PCs 

specially  configured  to  run  AutoCAD.  Zenith  Z-100  and  Z-24 

personal  computers  are  available  on  GSA  contract,  as  is 

CADkey.  AutoCAD  is  not  available  on  GSA  contract.  USAFA 

runs  an  introductory  course  in  CAD,  using  AutoCAD,  in  its 

Civil  Engineering  program.  This  course  is  in  drafting  only 


and  does  not  cover  design  techniques  such  as  space  planning 


:1  O  .  .  .  _1  _  . '  1  .  * 


; r  ;pdcc  management  is  me: 


readily  a  v  a  i  1  a  t 1 


>mer.t  System  '  DBMS 


spreadsheet  software  are  widely  available  for  the  PC,  and  all 
are  easy  to  use  and  menu  driven.  Two  of  the  more  common 
spreadsheet  programs  are  Lc tus  l^-2_-3_  and  Supercalc.  They  are 
used  mainly  to  tabulate  data  in  rows  and  columns,  to 
manipulate  quantitative  data  contained  in  the  tables,  and  to 
produce  graphical  representations  of  the  data.  The  most 
common,  quality  DBMS  programs  are  Dbase ,  Rbase ,  and  Re  flex . 
These  programs  allow  data  to  be  formatted  as  desired, 
selected,  sorted,  and  produced  in  reports,  as  dees  WIMS. 

Perhaps  the  most  applicable  software  to  real  property- 
space  management  are  the  integrated  software  packages  such  as 


■Javel  in.  Enable , 


’,  and  Ability^  which  combine  DBMS, 


spreadsheet,  graphics,  business  management,  word  processing, 
and  telecommunications  capabilities.  All  are  PC  packages, 
menu  driven,  and  are  supported  by  a  great  deal  of 
documentation  and  commercially  produced  'How  To'  literature. 


A / E  F irms  Us i ng  CAD  for  Space  P1 ann i ng 

A  1984  study  by  Graphic  Systems,  Inc.  (Cambridge  MAI 
found  that  U.S.  design  firms  own  about  two  PCs  each.  Also  in 
1984  there  was  a  63%  growth  rate  in  the  PC  CAD  market,  which 
is  substantially  higher  than  the  growth  of  the  mini-computer 
and  main  frame  market  (31:10).  The  increasing  use  of  small 
systems  is  the  trend  in  CAD,  but  it  is  the  mini  computer  that 


appe  a 


*■.3  h  o  _  d 


:ne  cage  in  apace  planning  capann;  ties 


'  ? 1  •  1  0  i 

Acer  lean  Br idge  uses  Regal  CAD  to  plan  future  space 
requirements  for  its  clients.  It  allows  quick,  and  accurate 
alterations  to  be  planned  and  documented  as  building  tenants 
come  and  go  and  office  space  changes  function.  The  interior 
design,  and  construction  plans,  for  the  first  10  floors  of 
Tower  49  in  mid  town  Manhattan  in  seven  weeks  using  this 
system.  It  was  also  utilized  to  plan  the  layout  of  650,000 
SF  of  clerical  space  in  the  Mellon  Bank's  corporate 
headquarters  building  in  Pittsburgh  PA.  For  rent  and  leasing 
purposes,  the  system  can  automatically  calculate  areas  cf  the 
most  complex  office  layout.  Regal  CAD  possesses  a  powerful 
database  capability  which  is  integrated  with  the  graphics, 
allowing  changes  to  layouts  to  be  reflected  instantaneously 
in  the  database's  area  quantities. 

Sobrow/Thomas  and  Associates  has  developed  a  space 
programming  package  called  User  Needs  Information  (UNI!  which 
assists  the  firm's  medical  planning  department  in  space 
planning,  room  design  criteria,  and  equipment  requirements. 

It  has  been  used  extensively  in  small  projects  involving  the 
rework  of  existing  facilities.  Different  layout  schemes  can 
be  produced  quickly  for  final  selection  by  the  client. 

Bohm-NBBJ  use  the  SIGMA  Design  III  CAD  system  which 
includes  an  advanced  space  planning  package.  The  system  uses 
color  graphics  to  display  adjacency  strengths.  Spaces  can  be 
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picked  up  from  a  template  and  placed  in  a  layout  plan 
manually  by  the  designer,  or  the  process  can  be  automatic, 
whichever  is  preferred. 

The  Coll ison  Partnership  do  all  interior  design  for 
Nordstrom  Inc.  stores,  a  major  chain  of  high  fashion  retai1 
clothing  stores  located  throughout  the  western  U.S.  During 
the  design  of  a  store  various  schemes  for  the  layout  are 
studied.  Although  a  department's  shape  may  change  with  each 
scheme,  its  area  is  relatively  fixed.  The  firm's  CAD  system 
can  manipulate  many  departments  through  a  variety  of  schemes 
in  a  short  period  of  time  with  the  system  quickly  providing 
area  take-offs  for  each,  regardless  of  shape. 

Design  Logic  provides  computer  support  services  for 
professional,  corporate,  institutional,  and  government 
clients  for  architecture,  engineering,  and  facilities 
programming  and  management.  It  offers  space  planning  service 
including:  monitoring  of  space  usage,  equipment  and  furniture 
locations  and  inventory;  space  planning  statistics;  staff  and 
area  projections;  descriptions  and  summaries  of  space 
requirements;  space,  furniture,  and  equipment  layout. 

Goleman  and  Ro 1 f e  Assoc  iates ,  I nc .  uses  a  CalComp  IGS 
500  CAD  system  for  space  planning  of  office  buildings,  and  to 
provide  area  calculations  for  prospective  building  tenants. 
Area  calculations  are  done  on  spreadsheet.  By  identifying 
those  areas  of  the  plan  which  constitute  building  services 
and  corridors,  the  computer  can  produce  a  spreadsheet 
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indicating  gross  da  i  1  ding  area,  net  rentable  area,  net  tenant 
arable  area  and  ut  1 1 ; cation  efficiency,  and  multi  'tenant 
minimum  corridor  net  usable  area  and  efficiency.  Ail  ‘hi*  i- 
done  automatically  from  the  drawings. 

He  1 1  math  0 b a t a  Kassabaum  (HOK)  runs  a  large  nationwide 
network  of  VAX  11/780  and  VAX  11/750  mini -computers  to 
support  all  facets  of  architectural  and  engineering  den  gr¬ 
and  planning.  All  software  is  developed  in-house  to  suit 
their  requirements  -  HOK  SPACE  and  HOK  NEEDS  collect  and 
organize  qualitative  and  quantitative  information  about 
clients'  space  needs,  and  HOK  LAYOUT  is  used  to  find  the  best 
solution  for  placing  interrelated  activities  vertically 
(stacking)  and  horizontally  (blocking). 

The  Hnedak  Bobo  Group  (HBG)  uses  an  Intergraph  '7?C 
system  produced  by  the  Digital  Equipment  Corporation  (DEC), 
which  is  basically  a  VAX  11/730  minicomputer  enhanced  by 
Intergraph's  graphics  processing  boards.  All  software  is 
created  by  Intergraph,  and  includes  a  Space  Planning  and 
Facilities  Management  package  (SPFM).  The  package  links 
graphics  to  a  large  database  to  plan  layouts,  generate 
reports  of  inventories,  do  furniture  take-offs,  and  area 
calculations. 

Lombard -Co nr ad  use  the  Supercalc  spreadsheet  program  and 
an  Architectural  Interactive  Design  System  (AIDS).  A  user 
survey  is  conducted  to  determine  department  needs  for  space, 
equipment,  and  furniture,  and  perceptions  of  relationships 


other  departments .  The  spreadsheet  is  used  to  inventor 


ail  spaces.  Bubble 

diagrams  are 

deve 1  oped 

from  the 

relationship  data  as 

ing  computer 

graphics. 

and  reviewed 

w :  t 

the  client  prior  to  developing  schematic  layouts  with  AIDS. 

Medical  Planning  Associates  uses  VAX  ll/750s  with  a  DEC 
all-in-one  Office  Automation  package.  Space  programming  is 
performed  using  spreadsheet  software,  and  schematic  layout 
design  is  performed  using  the  SPACE  program. 

Yearwood  and  Johnson  Architects,  I nc .  use  V A X  1 1  / 751s 
and  Intergraph  CAD  software  to  create  block  diagrams  from 
relationship  matrices.  RTKL  Associates  use  a  mix  of  VAX 
11/751  and  11/780  with  WANG  peripheral  hardware,  and 
Intergraph  IGDS  graphics  with  AIMS-3  databases  for  space 
programming.  H.A.  Simons  (International)  and  Sippican 
Consultants  International  similarly  use  the  VAX  11/780 
Intergraph  fully  developed  turnkey  system  for  space  planning 
and  programming. 

Harwood  K.  Smith  and  Partners  (HKA)  use  CalComp 
equipment  with  the  CalComp  Facilities  Planning  and  Managemer. 
'Stacking  and  Blocking  Activity  (FPMSASABA).  It  includes  a 
strong  database  which  contains  general  planning  criteria  and 
project  data,  the  spaces  required,  and  functional  activities 
Desired  adjacencies  and  preferred  locations  are  input 
interactively  in  a  matrix  which  is  generated  by  the  system 
from  the  database.  A  base  block  diagram  for  each  level  of 
the  building  is  au toma t ica 1 1 y  created  from  the  matrix. 
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Individual  activities  can  then  be  manipulated,  regardless 
their  degree  of  space  utilization.  The  SABA  program  car.  h 
invoked  at  any  time  to  give  the  computer  solution,  but 
designer  freedom  is  maintained.  Each  layout  is  scored 
objectively  according  to  strengths  of  relat ionsh  ips  be  twee 
adjacent  spaces.  The  system  has  been  used  for  space  plum 
of  office  buildings  in  downtown  Dallas  TX . 

Raymond  E.  Hege  is  a  one-man  architectural  design  fir 
He  uses  an  IBM  PC  with  VersaCAD  for  general  architectural 
drafting  and  basic  level  space  planning.  While  not  having 
level  of  space  planning  capability  of  the  mini -computer 
systems  and  software  developed  by  Intergraph  and  CaiComp, 
PC  system  and  software  cost  is  substantially  lower.  CAD  c 
be  used  productively  by  even  the  smallest  firms  for  true 


V'Vvv; 


Air  r  .:r:e  Inst  it  at  a  of  Technology  '  AU  ) 
School  ;f  Systems  and  Logistics 
Wright  Patterson  Air  Force  Base,  OH  45437-658 


AFIT/LS  (5-6569) 


AFIT  Thesi: 


Topic:  An  Analysis  of  Methods  for  Maximizing  th< 
Utilization  of  Space  in  USAF  Facilities. 


HQ  SAC/DE 
HQ  TAC/DE 
HQ  MAC/DE 
HQ  USAFE/DE 


HQ  AFLC/DE 
HQ  AAC/DE 
HQ  AFCC/DE 
HQ  AFSC/DE 


HQ  ATC/DE 
HQ  SPACECMD'DE 
HQ  USAFA/DE 
HQ  PACAF/DE 


Dear  Sir, 

I  am  an  Officer  in  the  Royal  Australian  Air  Force  fRAAF-  and 
am  currently  enrolled  in  the  Graduate  Engineering  Management 
program  at  AFIT,  WPAFB.  I  am  a  qualified  Civil  Engineer  and 
have  been  working  in  the  RAAF  Facilities  branch  since  1976. 
My  experience  in  managing  the  construction,  modification,  an 
maintenance  of  facilities  at  many  Australian  bases  has 
prompted  my  interest  in  the  long  term  utilization  of  facilit 
space.  I  have  chosen  this  subject  as  my  AFIT  thesis  topic 
and  request  your  assistance  by  providing  some  information  on 
the  processes  used  by  Base  Civil  Engineers  and  Major  Command 
to  ensure  that  available  facility  space  is  fully  utilized. 

I  have  studied  the  AFRs  dealing  with  real  property  account  in 
and  facility  design  and  have  visited  Mr  Dick  Conkers  ^HQ 
USAF/LEERB)  and  Mr  Phil  Clark  (HQ  USAF/LEEV)  to  obtain  their 
interpretations  of  some.  Maximizing  facility  utilization  is 
a  theme  which  recurs  in  many  regulations  -  AFRs  86-2,  37-2, 
87-22,  and  88-15  to  name  a  few.  Real  Property  Management 
regulations  refer  specifically  to  the  need  for  constant 
monitoring  of  existing  facility  usage. 

AFR  87-2  requires  that  current  and  accurate  data  be  kept  by 
Base  Civil  Engineers  (BCEs)  on  accommodation  requirements  an 
facility  usage,  and  "if  such  data  reveal  that  one  or  more 
facilities  are  not  being  put  to  maximum  use,  a  management 
analysis  of  the  use  will  be  made"  (para  2).  Furthermore,  it 
requires  that  the  BCE  make  _n  annual  presentation  to  the  Bas 
Facilities  Board  on  facilities  usage  versus  requirements, 
both  satisfied  and  unsatisfied.  He  must  detail  where  space 
shortages  and  surpluses  exist  and  propose  methods  of  best 
using  the  available  sp'ce  (para  2).  This  responsibility  is 
extended  to  MAJCOMs  as  well.  They 


should  conti 
requirement 
effective  us 
base  f 3C i 1 i t 
".They  s  h  o  u  1  d 
assigned  to 
and  conform! 


nually  validate  and  evaluate  assets  and 
data  devel:::;ad  by  bases,  and  ensure  maxi  mu 
e  of  all  existing  assets,  through  periodic 
y  use  surveys  or  other  available  means. 

)  make  every  effort  to  compress  space 
activities,  to  ensure  maximum  effective  us 
ty  with  criteria  in  AFM  36-2.  (para  2) 


The  regulations  all  stress  the  importance  of  utilizing 
existing  building  space  effectively,  but  none  deal  with 
practical  methods  of  doing  this.  Could  you  please  take  the 
time  to  answer  the  following  questions  on  Command  policies 
this  area,  and  on  current  practices  at  bases  under  your 
command : 


1.  Are  'management  analyses'  of  facility  usage  actually 
carried  out,  and  if  so,  what  format  do  they  take?  Are  they 
usually  base  or  Command  instigated? 

2.  What  indicators  are  used  to  signal  that  space  within  a 
facility  may  be  under -util ized? 

3.  Are  bases  given  any  guidelines  by  Command  on  how  to 
ensure  space  is  utilized  effectively? 

A.  Is  it  be  possible  to  determine  whether  or  not  a  3CE  is 
managing  facility  space  well?  Are  there  any  accepted  'hard 
measures  of  effectiveness  used  by  your  Command  such  as  an 
area/personnel  ratio?  What  do  IG  teams  look  for? 

5.  What  major  projects  have  recently  been  undertaken  by 
bases  under  your  Command  (such  as  Master  Planning,  Base 
comprehensive  Planning,  and  buiding  renovations)  which  ha"e 
required  a  complete  re-allocation  of  existing  building  span 
in  one  or  more  facilities?  Have  A&E  firms  specializing  in 
Space  Planning  usually  been  contracted  to  determine  the 
optimal  arrangement  of  functions  in  these  existing  building 
or  has  some  of  *:bis  work  been  done  in-house? 

6.  What  in-heuse  design  methods  are  being  used  to  'compres 
space,  both  for  new  facilities  and  when  modifying  those 
existing?  Are  the  definitive  drawings  from  AFM  3S-2  being 
used  on  a  regular  basis?  Do  BCE  architects  and  planners 
commonly  use  Bubble  Diagrams,  Relationship  Charts  or  some 
other  tool  to  lay  out  functions  on  a  floor  plan? 

7.  Which  bases  under  your  command  use  any  form  of  Computer- 
Aided  Architectural  Design  software  (such  as  AutoCAD, 
VerseCAD,  EasyCAD  or  CADkey)  to  layout  floor  plans?  Do  you 
or  your  bases  have  any  plans  to  introduce  such  software  as 
either  a  WIMS  application  package  (through  WANG)  or  as  a 
package  for  Z-100  or  Z-2A8  stand  alone  PCs? 
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I  am  also  ir.  teres  ted  in  compiling  n  nsi  of  planning  factor:; 
involved  in  the  redistribution  of  building  space.  Surplus 
space,  when  identified,  must  be  matched  with  outstanding 
space  requirements  and  a  decision  made  as  to  which 
requirement  will  be  satisfied.  On  the  other  hand,  if  an 
urgent  requirement  exists  and  no  surplus  space  has  been 
identified,  a  decision  must  be  made  as  to  how  that 
requirement  can  be  satisfied  quickly.  Often  there  will  be 
insufficient  time  to  program  and  construct  a  facility. 
Operational  requirements  may  also  dictate  that  the  function 
must  be  accommodated  close  to  existing  support  facilities, 
ruling  out  leasing  as  a  feasible  solution.  In  situations 
such  as  these, 

1.  Are  Commands  notified  of  the  problem?  If  so,  what  advic 
would  be  given  to  the  base? 

2.  What  factors  influence  base  management's  decision  on  how 
to  reallocate  existing  building  space  to  accommodate  the 
requirement?  Are  the  BCE's  architects,  planners,  or  real 
property  personnel  requested  to  conduct  space  planning 
analyses  in  order  to  identify  where  space  can  be  made 
available  with  minimum  effect  on  users? 

3.  If  such  analyses  are  made,  is  it  usually  on  an  as- 
required  basis  to  solve  a  specific  problem,  or  progressively 
to  ensure  that  space  utilization  is  continually  monitored? 

I  believe  that  WIMS  (and  BEAMS,  for  those  bases  still  to 
receive  WIMS)  have  fully  automated  Real  Property  accounting. 
In  order  to  support  the  space  planning  activities  of  BCE 
architects  and  planners,  what  type  of  data  do  you  see  being 
required?  ( Note  :  By  this  I  mean  such  things  as:  accurate 
records  of  building  users ;  room  functions;  numbers  o  f 
personnel  working  in  individual  facilities;  functional 
relationships  -things  that  are  not  usually  found  on  a 
building  floor  plan  and  which  often  change  over  time).  Is 
this  type  of  data  available  to  architects  and  planners  in 
existing  computerized  or  manual  databases? 

Your  responses  to  these  questions  will  enable  me  to  gain  a 
better  perspective  of  the  MAJCOM/DEs'  perceptions  of  the 
importance  of  Space  Planning  in  maximizing  the  utilization  o 
Air  Force  facilities.  I  will  also  be  conducting  a  survey  of 
CONUS  base  BCE  personnel  involved  in  either  designing  floor 
layouts  for  new  facilities  or  allocating  space  in  existing 
facilities.  Your  responses  will  help  me  to  complete  the 
survey  instrument,  I  can  be  contacted  on  AV  785-6569. 


OHN  P.  QUINN,  Squadron  Leader,  RAAF 


APPENDIX  G 


SURVEY  QUESTIONNAIRE 


DEPARTMENT  OF  THE  AIR  FORCE 
AIR  UNIVERSITY 

AIR  FORCE  INSTITUTE  OF  TECHNOLOGY 
WRIGHT-PATTERSON  AIR  FORCE  BASE  OH  45433-6583 


Reply 

attn:  LSG 

Survey  Instrument  (USAF  Survey  Control  No  87-61,  expiry  1  Aug  87) 
BCE  Building  Designers  and  Real  Property  Managers 

1.  A  graduate  student  of  the  Air  Force  Institute  of  Technology 
is  investigating  the  utilization  of  space  in  Air  Force 
facilities.  The  Air  Force  constructs,  occupies  and  controls  many 
millions  of  square  feet  of  additional  building  space  each  year. 
Nee  construction  dollars  are  becoming  more  scarce,  but  the  cost 
of  accommodating  people  and  Increasingly  more  complex  equipment 
is  rising.  In  order  to  satisfy  as  many  user  requirements  as  is 
possible  with  the  funds  available  to  the  Air  Force  each  year,  the 
use  of  space  must  be  well  planned  and  facilities  must  exhibit 
functional  and  architectural  flexibility.  The  purpose  of  this 
study  is  to  examine  the  methods  and  information  systems  currently 
used  by  facility  designers  and  real  property  space  managers  to 
allocate  building  space  efficiently  and  thereby  extract  the 
maximum  value  from  each  dollar  spent  on  new  construction. 

2.  As  you  are  actively  involved  in  the  planning  and/or  design 
of  Air  Force  facilities,  your  response  to  the  enclosed  questions 
is  vital  in  determining  the  characteristics  of  those  information 
systems  and  methods  which  have  proven  to  be  effective  in 
planning,  designing,  and  managing  building  space. 


3.  Your  participation  in  this  study  is  entirely  voluntary  and 
your  input  will  be  handled  with  strict  confidentiality. 

Responses  will  be  code  numbered  to  preserve  anonymity  and  any 
further  communications  between  the  researcher  and  respondents 
will  be  treated  as  personal.  Me  encourage  your  support  for  this 
study  and  request  that  your  response  be  mailed  in  the  envelope 
provided  by  12  June  1987.  Any  questions  concerning  any  aspect 
should  be  direct  to  Squadron  Leader  John  Quinn  (Facilities 
Officer,  Royal  Australian  Air  Force),  AFIT/LSG,  AUTOVON  785-6569. 


2  Atch 

1.  Questionnaire 

2.  Envelope 


263 


2 


Survey  Instrument  to  Determine  the  Perceptions  of  Base  Real 
Property  and  Building  Design  Leaders  on  the  Utilization  of  Space 

m  USAF  Facilities 


INSTRUCTIONS  -  PLEASE  READ  CAREFULLY  BEFORE  ANSWERING  QUESTIONS 

1  Place  all  answers  on  these  sheets.  There  is  no  separate 
answer  sheet.  Further  instructions  are  given  throughout  the 
survey  on  where  to  write  your  responses. 

2.  When  a  selection  from  alternative  responses  is  requested, 
place  your  selection  in  the  left  margin  in  the  circle  provided. 

2  Some  questions  require  a  subjective  response,  based  on  your 
feelings  or  your  experience.  Others  are  factual,  and  refer  to 
actual  methods  and  standards  used  at  vour  .nstal lation. 


4  You  will  be  invited  to  comment  on  questions  or  issues 
progressively.  Please  feel  free  to  write  anything  you  wish. 


frankness  and  honesty  are  reauested. 


Thank  vou. 


PART  1  -  LAYOUT  DESIGN  AND  UTILIZATION  MONITORING  METHODS 

Listed  below  are  a  series  of  statements  that  represent  possible 
feelings  that  you  may  have  about  Air  Force  design  and  real 
property  regulations,  and  about  the  value  cf  Space  Planning.  Use 
the  following  rating  scale  to  indicate  your  owr.  feelings. 

1  =  Means  you  strongly  disagree  with  the  statement. 

2  =  Means  you  moderately  disagree  with  the  statement. 

3  =  Means  you  slightly  disaoree  with  the  statement. 

A  =  Means  you  neither  agree  nor  disagree  with  the  statement. 

5  =  Means  you  slightly  agree  with  the  statement. 

6  =  Means  you  moderately  agree  with  the  statement. 

7  =  Means  you  strongly  agree  with  the  statement. 


'  l.  Design  regulations  provide  adequate  guidelines  for  ensuring 
that  architects/planners  minimize  space  wastage  in  floor  layout. 

)  2.  Functional  relationships  are  the  most  important  criteria  in 
'  building  layout  design. 

i  3.  I  rely  on  my  intuition  to  come  up  with  an  initial  conceptual 
floorplan  layout  when  designing  a  new  building  or  reallocating 
space  in  an  existing  building. 
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'  4.  The  use  of  standard  designs  (AFM  88-2)  does  not  permit 
/designers  to  tailor  a  facility  to  the  needs  of  individual  users. 

\  5 .  Real  Property  regulations  adequately  cover  how  to  monitor 
J  building  usage. 

\  6 .  Real  Property  personnel  in  my  organization  are  responsible 
! for  determining  required  changes  to  the  physical  layout  of 
7  functions  within  existing  buildings. 

V.  Space  utilization  studies  of  existing  facilities  are  carried 
out  regularly,  ever,  if  there  are  no  requirements  to  satisfy. 

s\  8 .  Our  Real  Property  records  do  not  Indicate  how  efficiently  a 
/user  is  using  the  space  that  he  has  been  allocated. 

9.  Architect  or  engineer  assistance  is  provided  only  on  request 
by  Real  Property  personnel,  which  is  usually  if  building 
modifications  are  required,  or  if  the  functional  layout  problem 
is  particularly  complex. 

10.  If  space  is  Known  to  be  underutillized  or  used  for  some 
^unapproved  or  wasteful  purpose,  action  is  usually  taken  to 

reallocate  it. 


QUESTIONS  11  tc  13:  Choose  the  response  which  best 

describes  your  experience: 

12.  Which  of  the  following  tools  do  you  use  most,  when  laying 
out  floorplans? 

1.  Some  type  of  computer  software. 

2.  Bubble  diagrams. 

3.  Functional  Relationship  chart  (matrix). 

4.  AFM  88-2  standard  designs. 

5.  Linear  or  non-linesr  programming. 

6.  Intuition  and  experience. 

7.  Other.  Please  specify  -  _ 


13.  If  you  use  (or  have  used)  CAD  for  floorplan  layout,  which 
software  packages  do  you  use  (or  have  you  used)  most? 

1  .  CADkey  on  a  PC . 

2.  AutoCAD  on  a  PC. 

3.  VersaCAD  or  EasyCAD  on  a  PC. 

4.  NANG  AutoCAD  on  WINS. 

5.  Some  other  CAD  software  on  PC. 

6.  A  computer  programming  language  such  as  BASIC,  PASCAL, 
or  FORTRAN. 

7.  Linear  or  non-linesr  programming  software. 

8.  I  don't  use  a  computer  at  all  for  this. 


'i  11.  How  does  your  organization  assess  if  a  user  s  space  is 
•^under-utilized  and  if  his  allocation  could  possibly  be  reduced? 

1.  Known  occupancy  against  the  allowances  of  AFM  86-2. 

2.  Known  occupancy  and  equipment  space  requirements. 

3.  Visiting  buildings  and  making  a  subjective  assessment. 

4.  Personal  knowledge  of  base  facilities  and  the  relative 
efficiency  of  their  usage. 

5.  Other  criteria.  Please  specify  -  _ 


Use  the  following  rating  scale  to  indicate  your  own  feelings 
about  how  effectively  USAF  building  space  is  used  and  managed. 

1  =  Strongly  disagree  5  =  Slightly  agree 

2  =  Moderately  disagree  6  =  Moderately  agree 

3  =  Slightly  disagree  7  =  Strongly  agree 

4  =  Neither  agree  nor  disagree 

14.  My  organization  manages  the  use  of  installation  building 
space  as  well  as  possible,  considering  the  constraints  imposed. 

15.  The  USAF  manages  the  utilization  of  its  building  space  well. 

16.  Our  real  property  records  usually  track  building  usage  well. 

17.  Space  surplus  to  a  user's  requirements  can  be  readily 
identi f ied . 

18.  In  most  cases,  surplus  space  can  be  modified  to  satisfy  some 
outstanding  requirement. 

QUESTIONS  19  b  20:  The  two  following  questions  may  require 

assistance  from  other  personnel  to  extract 
data  from  Real  Property  records.  Please  answer  to  the  best  of 
your  ability,  using  the  scale  shown  below: 


1 . 

Less  than  20,000  square  feet  (SF) 

2. 

Between 

20,000 

and 

40,000 

SF. 

3. 

Be  tween 

40,000 

and 

60 , 000 

SF. 

4  . 

Between 

60,000 

and 

80,000 

SF. 

5. 

Between 

80,000 

and 

100,000 

SF. 

6  . 

Over  IOC 

,000  SF. 

19.  My  base  has  a  list  of  building  space  surpluses  totalling 
approximately : 

20.  My  base  has  a  list  of  approved  out  currently  unsatisfied 
requirements  for  building  space  totalling  approximately: 
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PART  3  -  DATABASES 


Use  the  following  scale  to  best  describe  the  capability  of  your 
Real  Property  and  Mew  Requirements  records  to  support  decisions 
involving  the  utilization  and  re-distribution  of  building  space. 


1  =  Strongly  disagree 

2  =  Moderately  disagree 

3  =  Slightly  disagree 

4  =  Neither  agree  nor  disagree 


5  =  Slightly  agree 

6  =  Moderately  agree 

7  *  Strongly  agree 


'  21.  New  requirements  data  is  usually  detailed  enough  to  allow 
1  Real  Property  personnel  to  look  for  a  suitable  accommodation. 

^  22.  Summary  data  on  all  outstanding  requirements  is  available 

l  J  from  a  single  source,  without  having  to  look  through  Individual 
^  hardcopy  project  files. 

N  23.  The  data  we  keep  on  utilization  of  existing  building  space 
is  accurate  enough  to  tentatively  match  a  requirement  to  it. 

24.  Available  building  space  is  readily  identifiable  from  real 
^  .  property  records. 

25.  Our  records  list  functions  located  within  all  buildings. 

i  26 .  Surplus  space  is  usually  identified  by  building  users. 

' 27.  Up  to  date  building  usage  data  is  usually  available  when 
needed  by  planners  and  designers 

,28.  It  is  important  to  have  current  data  on  the  number  of 
v J  personnel  working  in  a  facility,  and  the  layout  of  equipment. 

'  \ 29 .  Real  Property  records  do  not  contain  enough  information  to 

conduct  a  detailed  analysis  of  efficient  space  usage  within 
facil ities . 


30  . 


Space  that  is  known  to  be  mis-used  or  wasted  is  recorded  as 


)  such,  either  in  real  property  reports  or  on  file,  for  possible 
'  future  re-allocation  should  the  need  arise. 

QUESTIONS  31  and  32:  Use  the  following  scale: 

Yes  -  MIMS . 

Yes  -  Database  Management  software  on  PC. 

Nc  -  Manual  records. 

■  1  '■  Is  the  Real  Property  database  ir.  your  office  computerized? 

Is  the  building  information  database  in  your  office 
J computerized? 


1 

2 

3 

31 . 

Is 

the 

32. 

Is 

the 
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33  . 

kept 


How  is  the  data  that  is  used  to  assess  efficient  utilization 
up  to  date?  Choose  the  most  appropriate  response. 

1.  Collected  by  BCE  personnel  by  regular  building  visits 

2.  Product  of  regular  BCE  surveys  of  building  managers. 

3.  There  is  no  'system'  for  collecting  such  data. 

4.  Other.  Please  specify  method  -  _ 


COHHKMTS : 


PART  4  -  SPACE  ALLOCATION  CONTROL 

Use  the  following  rating  scale  to  indicate  how  the  allocation  of 
space  is  controlled  at  your  installation. 

1  =  Strongly  disagree  5  =  Slightly  agree 

2  =  Moderately  disagree  6  =  Moderately  agree 

3  =  Slightly  disagree  7  =  Strongly  agree 

4  =  Neither  agree  nor  disagree  8  =  Not  applicable 

34.  It  is  primarily  the  BCE's  responsibility  to  ensure  that 
building  space  is  utilized  effectively. 

35.  It  is  the  Facilities  Board's  (FB)  responsibility  to  ensure 
that  building  space  is  utilized  effectively. 

36.  Major  tenants  on  this  installation  are  reasonably  free  to 
decide  how  they  will  use  space  within  their  allocated  buildings. 

37.  BCE  personnel  systematically  visit  every  base  facility  to 
reassess  utilization. 

38.  The  BCE  actually  decides  how  space  will  be  allocated. 

39.  The  FB  makes  the  decisions  on  the  allocation  of  space. 

40.  The  BCE  implements  the  FB ' s  decisions. 


41.  The  BCE  influences  the  FB '  s  decisions  -  they  usuallj  accept 
his  recommendations. 


\  42.  ife  have  a  Space  Allocations  Panel  (or  similar)  composed  of 
l,1  tenant  representatives,  which  acts  as  a  forum  for  analyzing  space 
shortage  problems,  identifying  possible  solutions,  and 
recommending  action. 


COMMENTS: 


PART  5  -  CONSTRAINTS  TO  MAXIMIZING  BUILDING  UTILIZATION 


Use  the  following  scale  to  rate  your  perceptions  of  factors  which 
possibly  reduce  the  effectiveness  of  your  organization's  efforts 
to  utilize  its  building  space  well. 


1  =  Strongly  disagree 

2  =  Moderately  disagree 

3  =  Slightly  disagree 

4  =  Neither  agree  nor  disagree 


5  »  Slightly  agree 

6  a  Moderately  agree 

7  =  Strongly  agree 

8  a  Hot  applicable 


43.  Structurally  unsound  or  maintenance-intensive  buildings  are 
often  renovated  and  used  beyond  their  intended  design  life. 


44.  It  is  often  impractical  to  physically  separate  a  user's 
'surplus'  space  from  his  'approved'  space  such  that  it  can 
accommodate  another  requirement. 


45.  It  is  easier  to  fund  the  renovation  or  modification  of  an 
existing  old  building  to  satisfy  a  new  requirement,  albeit 
unsound  or  maintenance-intensive,  than  to  obtain  MCP  funds  to 
construct  a  new  facility. 


It  is  often  difficult  to  assess  if  space  within  a  building 
utilized  well. 

Insufficient  funds  are  available  to  modify  all  surplus  space 
make  suitable  for  other  requirements. 


''48.  The  effective  utilization  of  building  space  is  more 
J  important  than  building  habitability,  should  the  two  conflict. 


49.  Building 
often  cause  d 


modifications  associated  with 
isruptions  to  user  operations. 


space  re-allocation 


50.  The  negative  operational  effects  of  disruptions  caused  by 
space  re-allocations  are  outweighed  by  the  benefits  of  utilizing 
space  more  effectively. 


Allocating  one  facility  to  more  than  one  organization  often 
s  problems  for  all  users. 
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PART  6  -  PLANNING  FACTORS  IN  THE  DISTRIBUTION  OF  BUILDING  SPACE 


QUESTIONS  52  i  53  :  Use  the  following  scale  to  indicate  the  per 

person  net  office  space  space  allowance  used 
m  each  case. 


1 . 

Less  than  75  S? 

4  . 

85  SF 

2  . 

75  SF 

5  . 

90  SF 

3  . 

80  SF 

6  . 

More  than  90  SF 

52.  What  "net  office  area  per  building  occupant"  (as  defined  at 
AFH  86-2,  para  13-3)  is  used  at  your  base  for  planning  space 
requirements  for  new  administrative  facilities? 


53.  What  "net  office  area  per  building  occupant"  is  used  at  your 
base  for  managing  and  redistributing  space  in  existing 
administrative  facilities? 


QUESTIONS  54  to  61:  Use  tne  following  scale  to  best  rate  the 

following  statements  about  possible  criteria 
that  may  be  used  by  your  organization  when  either  designing  space 
layouts  for  a  new  facility  or  redistributing  space  within  an 
existing  one. 

1  =  Strongly  disagree 

2  =  Moderately  disagree 

3  =  Slightly  disagree 

4  =  Neither  agree  nor  disagree 

54.  Activities  within  a  building  should  De  located  according  to 
their  need  for  proximity. 

55.  Building  modifications  associated  with  space  re-allocation 
are  more  economical  than  new  construction. 

56.  Net  usable  space  should  be  maximized.  Circulation  and  low 
use  areas  should  be  minimized. 

57.  Building  design  should  include  features  that  minimize  the 
potential  cost  of  future  extensions  or  modification. 

58.  Open  plan  designs  maximize  the  ease  involved  in  the  possible 
future  rearrangement  due  to  changing  functions  and  relationships. 

59.  Open  plan  design  should  be  used  for  office  and  work  areas 
wherever  possible. 


5  =  Slightly  agree 
t  =  Moderately  agree 
7  =  Strongly  agree 


60.  Building  layout  should  maximize  the  orderly  flow  of 
personnel  through  the  building  and  minimize  unnecessary  traffic 
through  main  working  areas. 
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61.  The  availability  of  suitable  space  for  renovation  will 
usually  enable  a  requirement  to  be  satisfied  quicker  than  by  new 
construction. 


PART  7  -  PLANNING  STEPS  TAKEN  TO  SATISFY  REQUIREMENTS 

Use  the  following  scale  to  rate  your  feelings  about  requirement 
review  practices  in  your  organization. 


Strongly  disagree 
Moderately  disagree 
Slightly  disagree 
Neither  agree  nor  disagree 


5  =  Slightly  agree 

6  =  Moderately  agree 

7  =  Strongly  agree 

8  =  Not  applicable 


62.  When  a  new  requirement  for  space  is  received  it  is  staffed 
first  by  Real  Property  personnel. 

62.  The  requirement  is  checked  against  AFM  86-2  to  ensure  that 
the  request  is  in  accordance  with  space  entitlements. 

64.  Space  already  allocated  to  a  low  priority  use  is  sometimes 
re-allocated  to  a  new  requirement  with  a  higher  operational 
priority. 

65.  A  cost  analysis  is  usually  done  to  assess  whether  to 
renovate  existing  space,  extend  an  existing  facility,  construct  a 
new  facility,  or  lease  space  -  whichever  are  feasible. 

66.  Real  Property  personnel  always  attempt  to  find  suitable 
space  available  within  existing  facilities  before  recommending 
new  construction . 


'>67.  Prior  to  deciding  if  an  identified  surplus  space  is  suitable 
'  for  a  particular  requirement,  a  site  visit  is  usually  made. 

\68.  The  prospective  user  of  a  re-allocated  space  takes  an  active 
y  role  in  assessing  its  suitability  for  his  requirement. 

"\  69.  Which  of  the  following  possible  responses  best  describes  the 
/criteria  used  to  make  decisions  on  whether  to  renovate,  lease,  or 
/  construct  a  new  facility? 

1.  A  cost  analysis  of  all  possible  al ternatives. 

2.  The  relative  availability  of  MCP  and  OfcH  funds. 

3.  Base  politics. 

4.  The  best  interests  of  mission  fulfillment. 
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BACKGROUND  DATA 


The  following  questions  relate  to  your  duties,  experience,  and 
professional  qualifications.  Please  choose  the  most  appropriate 
of  the  responses  provided: 

70.  In  what  field  was  your  undergraduate  training? 

1.  Architecture. 

2.  Town/City /Urban  Planning. 

3.  Civil  or  Structural  Engineering. 

4.  Mechanical  Engineering. 

5.  Engineering  other  than  those  above. 

6.  Building  Sciences. 

7.  Not  included  above.  Please  specify  -  _ 

8.  No  undergraduate  training. 

71.  In  which  area  does  your  primary  duty  lie? 

1.  Architectural  design  of  individual  facilities. 

2.  Real  Property  accounting  and  space  management. 

3.  Engineering  Management. 

4.  Other.  Please  specify  -  _ 


APPENDIX  H 


COMPUTER  LISTING  OF  RESPONSES  TO  SURVEY  QUESTIONNAIRE 


to  DATA  RECORDS 


Sub-populat  ion 
Identi f ier 


t 

e 

\ 

I 

i, 

681 


Ques 

70-72 


Ques  Ques 

1-10,12,  14-20 

13,11 


Ques 

21-33 


I 


Ques 

34-42 


115  2454211622685  6221211  1141441574114  12226264 
667518123  5674265675  25664571 

\  i  v  J  V.  .  J 


681  115  2454211622685  6221211  1141441574114  122262642 

667518123  5674265675  25664571 
222  822  6721612611281  4351116  5165716761223  177111721 

666645552  5664666677  27722762 
522  825  275  66652264  6656612  3555713663112  572677726 

527675565  3376777677  57767774 
422  725  3647677767685  7277624  1136516722223  771717771 

677456262  5566667777  27327774 
672  825  6446626246483  7466613  6677747624221  666725662 

567664215  5563656666  35667764 
482  325  4647111772  5  3322616  2321653671333  577154665 

555776666  5576777776  6744577 
451  331  4633411775685  7654611  7127646461333  657327767 

566576555  6665566776  17466771 
302  325  1777517767683  7153715  6151616757331  766756777 

161771571  5475777775  77777761 
292  435  2615311771381  5533216  5252612771133  277117757 

166376763  5566776677  17557773 
141  315  56335156327  3  5355514  5355625634321  766567763 

235341535  5623566555  77565662 
122  825  4444767767681  71777  6777717711221  777777777 

667174771  6611777777  77577771 
332  823  4674611247383  5456723  1251512467221  177577474 

137178367  5515477776  17417753 
032  725  7771747177681  7777711  5777717717331  716767777 

111177171  5667777777  77757771 
102  825  61  616  17  1  66777  7677717555113  622277627 

27  76  766  336766  76  77667764 

112  725  4724171171683  6255612  1131255671111  457756771 

666676557  6666776777  17467771 
121  115  6722444432285  55444  44444477442  4  888888888 

78886661  33366776  8887888 

331  115  2537411712282  5365314  5335615762233  755243551 

756473535  5554666677  15422564 
421  335  2713462745381  43225  2255635664333  117424654 

667642644  5565646576  7763776 
711  535  6533333663683  5333313  3353322553111  366626655 

666583656  2253665363  33536663 
B22  535  6742452732381  5322211  1152614761113  177517751 

547464572  1176675476  77417754 
641  535  3643311722381  2222211  2231212561443  257225651 

267542533  5  56645577  66522253 
621  335  1421125746681  5442115  4666211516331  175417751 

476771745  5543777777  77337773 
571  545  3562111772685  1464116  1556711171113  167512541 

777781615  5641756171  15218572 


611  333  4843333326684  5544312  3243422445231  267222761 
277673665  4476776576  64637762 

771  335  5756111777283  1111621  3222611661113  177116741 

177382565  65477776  33113533 

542  725  5572112675684  74657  6  5566666634231  375517755 

777545553  4472776661  77747773 
341  825  6771627577485  7577755  7777717455114  177717767 

525175571  6617777777  77777771 
541  435  6526  262  5  55626  1  715762  576666766 

777772666  66667777  663266 

301  142  1624224664285  44442 

64666666 

632  725  7452516  1235775766111  747574474 

767674744  4374776677  27767773 
282  721 

011  535  1521215672284  5211312  1321413762222  676622561 

667663776  22117777  16623352 

732  825  1276777756  1  33222  222222452211  223315551 

222355553  5555555555  4446664 

442  725  2514615711683  6371611  6252116271122  167316767 

777746261  6664777775  11247764 
452  725  4477111741685  2271716  1121  11771113  317641741 

1777  1746  5577777777  15117773 
062  825  5644225626781  4566615  4456767644112  673767667 

145466445  1155555555  45564764 
732  725  6714711777784  5566616  6267757526111  257515561 

777555576  5571776677  35766764 

612  725  6677555776683  6655712  5453525765231  666556766 
567553565  5566677276  66667671 

551  335  1617313715785  7575521  5567515665111  116516765 

677265612  6664765177  37566772 
262  825  4536634347684  6565615  2355626656232  655533753 

553634553  5556366656  77656764 
462  525  3742222744481  2236666  6666333736441  666666666 

665555772  6666776677  46667774 
461  535  2446444644684  4333516  4222222462331  357115551 

777774445  5544446666  14425444 
662  325  4627127755683  6325513  5277615775421  667521761 

767362753  4476677777  77657774 
131  114  17531 117S2382  6212213  1154112765333  256255552 

276766777  6575572272  23127652 
691  315  2657111772781  2212215  4122223732111  747444634 

777765532  2241435555  13411173 
221  135  6721612611281  4351116  5165716761223  177111721 

666644552  566465727''  17712762 


741  343  5621221622681  7526613  1161112713233  576226667 
636265613  6566657776  67533552 

742  435  4611676566385  77666  447771773122  177417767 

637744363  5577777677  77667771 

202  321  4654262762284  6522616  5522612665443  677256765 

757566562  5476676677  7755777 
432  825  3626215665383  3555214  1132216775232  267616551 

766623657  5655666665  15252263 
601  335  6671414774283  7563416  3136612764113  574557774 

177671733  4475677277  56467772 
731  135  7534711771383  4121616  2262243771133  176417111 

747575342  5265776667  27566774 
142  335  2221657457281  7677711  3377777767442  776747774 

666141564  1376771177  77777774 
572  725  6445615777685  7666316  5477716657441  561536631 

777564765  5655677573  56664765 
812  725  5  4122322  85  4335631  2264726543112  647263761 

556555545  5554676454  32234562 
552  825  6  666167681  6676711  6677767617112  771717711 

566516575  7  777 

682  825  4544547747683  7463516  1767717467111  716537771 

566681754  5575577777  56747774 
512  725  4444712652684  6335516  3332535761134  656325335 

757345554  5565666666  23537663 
492  825  6722711676481  7677714  6766737753131  111611767 

726277672  5571777771  77777774 
472  525  5717632723281  7366511  4156716154111  777417777 

447174661  6674777764  15447774 
821  431  5622211676682  4331616  5133666572443  277217751 

777581142  3366666377  57253673 
362  645  6724366167381  7665711  5667757766111  773777767 

627133533  4442576676  77777771 
811  145  6645631466282  76443  444442244411  464326744 

667771777  66666462  44444444 

632  725  1612111771282  1111712  4111111771223  177117551 

777757677  6674777777  71717772 
712  625  5335631775283  6555714  5555716663113  767716662 

567665565  6611111111  57677774 
172  725  121757  3  7565712  4165616  56211  672737761 

777777777  77777777  77777771 

501  345  6552422721381  3333255  3323311771224  476317757 
577584556  4666677776  57164771 

502  725  3656513666281  7673766  1626615771111  677527757 
767561665  4455667777  77667764 

252  725  2574151567682  7576614  2636612725112  675657767 

737267671  5562567776  65726773 


276 


182  824  4721111717381  532171  6323613277133  717112766 

277241676  564447756  26673672 
181  3756412776622  7477514 

791  333  1122214777621  54766  2455676676221  127775754 

767771755  1  24576117  17626672 
361  335  5765311765282  6626461  6454312263332  756322677 

667242554  4474477776  66524664 
702  825  6455213715681  6167511  2  67716751141  331717157 

626376271  6667745277  77527774 
192  725  6625522637681  6651616  334163377643  77653775 

566524564  5364776676  77776771 
382  725  4444557726  3  747551  1216616744231  631617717 

554544466  564642266  62566774 

242  725  44321126443  5  75336  5  2133516776113  367217761 

777771717  3172674376  67567772 
241  335  42321126443  5  75336  5  2133516776113  367217761 

777771717  3162674376  67567772 
281  535  5616542765454  6166661  6666726754331  716662371 

767177715  6674777777  67777771 
231  334  3566422431484  65434  4556443564333  475547754 

567672655  5353665274  54466443 
022  825  7756175777483  7653611  4451713775222  776627777 

6773513  5  5666757777  77677771 
092  725  172  711715783  5367616  3136376767111  111511111 

171742773  5575777677  15662773 
261  535  6733412764482  5442212  2356665371331  277546656 

263663755  77777777  76663363 

532  335  6712375667481  6563411  5463645421111  774676677 

655566572  6546667777  67457751 
391  335  3655412672282  53434  2133525472334  657321555 

377672566  64565367  2643  563 

661  335  6622112666281  6332511  6535622645231  375336776 

267673755  6676677777  77567774 
402  4734317774  5  743261  5565776755114  354714761 

725641647  5174654476  67  44674 
722  725  2611111767381  1177715  4611711741113  111117711 

777771717  6674777777  67717772 
441  335  4557415616422  1434416  5352115573131  757675777 

566676563  5554667777  24327664 
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APPENDIX  I 


SELECTED  COMMENTS  BY  SURVEY 
QUESTIONNAIRE  RESPONDENTS 


The  survey  questionnaire  is  in  Appendix  G.  These  comments  by 
respondents  are  listed  by  question.  Their  general  comments 
on  the  issues  covered  by  the  questionnaire  are  listed 
separately  at  the  end  of  this  appendix. 


The  comments  in  this  appendix  reflect  the  views  of  some 
respondents  and  do  not  necessarily  represent  the  views  of  the 
author  or  the  position  of  the  Air  Force  Institute  of 
Technology  or  the  United  States  Air  Force. 


Real  Property  does  not  participate  in  this. 

Question  4_. 

Don't  really  use. 

Don't  have  to  use. 

Question  5_. 

I  believe  the  uniqueness  of  each  Command’s  space  usage 
would  make  it  very  difficult  to  do  so. 

Provided  the  XR  organization  stays  out  of  the  issue. 

Question  6_. 

Reduced  to  only  a  record  keeping  function  as  a  result  of 
XR  involvement. 

Question  7 . 

[Space  utilization  studies  are  not  carried  out 
regularly]  due  to  the  shortage  of  personnel. 

We  try  to,  but  its  an  easy  thing  to  let  slip  -  not 
adequate  personnel. 

Question  9. 

DEER  only  reports  space  allocation/usage.  They  have  no 
expertise  in  functional  layout,  which  is  part  of  the  design 
process  and  done  by  architects. 

Assistance  is  always  available,  not  only  "on  request". 

Question  10 . 

If  we  ever  found  any  it  would  be  reported  probably. 
Question  11 . 

Combination  of  above  and  objective  analysis  of  special 
requirements . 

Combination  of  all. 


DEEP  does  this. 


When  user  complains  he  has  too  much  space. 

All  of  the  above  and  anything  else  we  can  get. 


Question  12 . 

Real  Property  does  not  lay  out  floorplans. 

Use  AFM  88-2  plus  direction  of  the  base  architectural 
plan  and  architectural  compatibility. 

User  requirements/needs. 

Combination  of  2,3,4,  and  6. 

Initial  floorplans  are  not  developed  by  Real  Property 
personnel . 

Question  13 . 

Expecting  a  computer  sometime  in  87. 

Are  in  the  process  of  procuring  AutoCAD  for  WANG  PC's. 

We  are  in  the  process  of  adding  CAD  to  our  organization. 
Question  14.. 

Space  is  used  extremely  well  -  not  managed. 

Questions  19,  20 ■ 

Space  requirements,  for  the  past  10  years  that  I  have 
been  the  Chief  Architect,  have  far  exceeded  the  space 
available.  XR  or  whoever  makes  long-range  plans  has  failed 
to  keep  up.  Part  of  our  base  was  closed  a  few  years  back  and 
the  personnel  in  that  area  were  moved  to  the  main  part  of  the 
base.  This  caused  us  to  have  to  convert  some  warehouses  to 
office  space  and  to  put  up  temporary  modular  buildings.  We 
still  have  not  caught  up  to  the  space  needs.  Also  parking  is 
a  big  problem  on  this  base.  I  think  in  the  long  run  some 
multi-level  parking  will  have  to  be  constructed. 

Question  21 . 

User  requests/demands  never  seem  to  match 
authorizations.  Much  leg  work  and  dealing  with  politics  is 
required . 

Question  24 . 

Vacant  buildings  -  yes!  Others  [in-use]  -  no. 


Never . 


Question  31 . 

WANG  computer  is  now  being  installed.  Software  expected 
approximately  September  87  -  will  improve  markedly  on 
database . 

Still  use  cards  with  measurements  and  other  info  as 

well. 

Question  3 3 . 

The  efficient  utilization  of  space  is  only  reassessed 
when  shortages  arise.  Surveys  are  sent  to  buildings  which 
may  be  involved  in  trading  or  augmenting  space.  After  users 
justify  space  their  surpluses  are  used  for  reallocation 
action . 

Space  inventories  are  prepared  for  specific  uses  -  such 
as  project  documents  for  minor  construction  or  MCP . 

Buildings  are  surveyed  when  reviewing  requirements  for 
additional  space,  add-ons,  changes  in  use  -  all  done  by  DEEP. 
DEER  periodically  measures  buildings  and  reviews  occupancy. 

All  buildings  are  visited  by  section,  space  use  surveys 
are  made  -  3  year  program. 

Analysis  made  of  appropriate  facilities/requirements 
case  by  case. 

Collected  by  BCE  personnel  regularly  and  again  are 
needed  prior  to  alterations  or  new  construction. 

A  new  space  committee  concept  made  up  of  all 
organizations  commanders. 

Space  utilization  is  a  function  of  the  "power" 
structure . 

There  is  no  specific  system  which  can  be  enforced;  just 
a  "hodge-podge"  of  information. 

We  never  to  seldom  use  Real  Property  information  in  the 
design  or  renovation  of  buildings.  In  general  the  Design 
section  does  not  act  on  space  mayyers  but  reacts  to  users' 
requests  for  more  space  through  our  Programming  department 
( DEEX )  . 
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Should  be 


Question  35 • 


a  BCE  responsibility. 


The  FB  is  utilized  to  assign  space  based  on  the 
recommendations  of  the  Real  Property  Officer  based  on 
utilization  studies. 

If  not,  they  should  be. 

Yes,  with  data  from  the  BCE. 

Question  36 . 

The  Fire  Department  would  require  fire  corridors  and 
fire  escapes.  Also,  if  the  Engineering  Section  is  designing 
a  layout,  all  AFM  and  code  requirements  would  be  met. 

Question  37 . 


Manpower  does  not  allow. 

We  try.  Manning  requirement  for  Real  Property  section 
needs  to  be  rewritten  to  allow  us  manhours  to  accomplish 
this . 

Question  38 . 

No,  it's  the  space  utilization  panel. 

Question  42 . 

Space  use  is  discussed  in  a  Facility  Board  Working  Group 
meeting,  then  brought  to  the  FB. 

The  HQ  TAC  area  has  a  space  board  for  there  assigned 
buildings.  The  base  proper  is  covered  by  a  Lieutenant  who 
surveys  and  recommends  moves. 

The  Deputy  Base  Commander  makes  the  decision  on  space; 
the  FB  validates  that  decision  some  time  later. 

We  are  now  implementing  such  a  committee. 


Real  Estate  Working  Group. 
We  need  one. 


Real  Estate  Working  Group  chaired  by  RM . 


Space  management  is  done  by  XRX  personnel  at  the  ALC 
level.  BCE/Real  Estate  may  be  asked  for  "homework"  info, 
statistical  data,  etc.,  but  space  decisions  are  primarily 
worked  out  above  the  Air  Base  Group  level. 

We  have  utilized  "space  use"  board  for  major  mission 
beddown  changes  in  the  past  -  Wing  C/V  does  not  support  on  an 
on-going  basis. 

Facilities/space  are/is  allocated  via  FUB,  but  FUB  at 
this  time  is  basically  the  ESG/CC.  With  a  different 
personality,  the  FUB  may  actually  decide.  Space  utilization 
(how  allocated  space  is  used)  is  up  to  the  organization 
occupying  the  space. 

We  have  a  pre-FB  panel  which  decides  on  space 
allocation. 

The  Base/Wing  Commander  makes  many  decisions  and  Real 
Property  changes  the  records.  Real  Property  is  headed  by  a 
GS-9  who  is  generally  not  in  the  decision-making  process. 

I  think  it's  a  good  thing  to  have. 

The  panel  meets  and  works  well  but  listens  to  the 
"power"  structure. 

The  panel  is  ineffectual.  Lack  of  data  and 
participation  negate  its  effectiveness. 

Question  52.. 

Office  systems  furniture  criteria. 

90  SF  for  average  employee,  but  up  to  150  SF  for  high 
grade  executives. 

Question  53 . 

Functionality  of  available  space  is  the  key  to  this 
question.  Many  times  we  cannot  hold  to  smaller  figure  (90 
SF)  . 


No  standard  amount.  Based  on  needs. 

Typically  use  "net  floor  area"  and  let  unit  work  within 
those  limits. 

We  are  actually  so  crowded  that  mission  need  is  totally 
determining  factor. 


No  consideration.  Just  look  at  total  space. 


Quest  ion  55 . 

It  depends  on  the  mission  of  the  user. 
Depends  on  extent  of  need. 


Question  57 . 

Reg's  don't  allow  it,  nor  funding. 

Questions  58,  59 . 

But  users  do  not  like  this.  Customer  satisfaction  is 
more  important. 

Some  offices  need  walls  (eg.,  supervisors).  Also,  most 
employees  need  a  privacy  wall  at  least  5  or  6  ft  high  to 
prevent  interruptions  in  their  work,  (eg.,  noise,  telephones) 

Question  6 1 . 

Both  usually  take  an  inordinate  amount  of  time. 

Self  help  is  a  massive  player  in  this  arena. 

Especially  if  new  construction  is  >  $200  K.  ie . ,  MCP. 
Question  62 . 

Requirement  determination  is  performed  by  planning  and 
programming  (DEEP).  Often  it  is  first  directed  by  the  user 
to  DEER. 

Simoultaneously  with  programmers. 

Most  requirements  for  space  increase  that  I  know  of 
start  at  the  FB,  then  to  Programming,  then  to  Design. 

Question  66 . 

RP  not  actively  involved  in  this  phase. 

Question  70 . 

All  of  my  real  estate  experience  has  been  acquired 
through  on-the-job  training. 


Officers  first  policy  -  my  primary  duty  is  with  PRIME 
BEEF,  according  to  Air  Force  policy.  Between  going  to  PRIME 
BEEF  meetings,  recalls.  Exercises,  SAME  meetings,  and  other 
obstacles,  I  sometimes  have  time  to  perform  architectural 
design  duties. 


General  Comments . 

Space  moves  are  generally  unpalatable  to  [building] 
occupants.  Many  have  spent  a  lot  of  time  and  money  self¬ 
helping  areas  for  themselves  and  are  reluctant  to  give  it  up. 
Political  pressure  on  the  BCE  is  usually  used  to  generate 
moves  or  non-moves  by  organizations. 

Real  Property  (DEER)  usually  plays  only  a  book-keeping 
role  and  is  not  a  player  in  space  allocation.  The 
programming  office  (DEEV)  receices  requests  for  space/ 
facilities/  renovation  and  acts  on  them  with  little  or  no 
interaction  with  DEER. 

Good  questions.  A  lot  of  design  is  performed  by  A-E's. 
How  much  data  does  the  base  direct  to  the  A-E  in  terms  of 
space?  Is  the  A-E  left  on  his  own  to  come  up  with  the 
requirements? 

Problems  always  exist  in  real  property  management. 
Requirements  validation  by  DEEP  are  performed  necessarily 
when  the  need  arises.  Manpower  doesn't  allow  other  options. 
DEER  data  is  not  always  current  or  correct  and  cannot  be 
accepted  at  face  value.  AFM  88-2  needs  a  comprehensive 
update/rewrite.  Changes  have  been  reactive.  Facility  users 
have  been  elevating  requirements  to  Command  levels  for 
approval  without  presenting  complete  picture;  politically 
motivated  changes  occur. 

See  Deputy  Assistant  Secretary  of  Defense 
(Installations),  Principles  of  Excellent  Installations,  which 
preaches  to  design  what  they  [users]  want;  not  to  pay 
attention  to  directives  as  long  as  law  is  not  violated. 

More  realistic  and  useful  category  codes  are  neede  to 
clearly  identify  space  use;  ie.,  common  use  area  for 
hallways,  latrines,  etc.,  admin  space  for  each  organization 
by  name . 

Real  Property  is  under-manned  and  incorrectly  staffed 
for  much  of  the  work  they  are  required  to  perform  - 
essentially,  a  lot  of  emphasis  is  on  the  program.  Just 
enough  manpower  to  keep  it  minimally  functional  but  not 


enough  to  be  pro-active  and  not  merely  reactive.  Real 
Property  should  be  the  protagonist  to  ensure  the  most 
efficient  utilization  of  facilities  to  serve  the  missions  of 
the  Air  Force. 

This  questionnaire  should  have  been  divided  into  two  - 
one  for  Real  Property  and  one  for  Design. 

Many  space  utilization  decisions  are  made  outside  of 
established  channels  due  to  direction  of  some  projects 
through  DEEP.  Some  reallocations  of  space  are  made  due  to 
sudden  changes  in  mission  requirements  and  time  is  not 
available  to  accomplish  the  changes  in  compliance  with 
established  procedures. 

Personalities  determine  who  makes  the  decisions. 
Personal  politics  influence  many  decisions.  Perhaps  the 
"focal  point"  for  Real  Property  action  should  be  at  the 
highest  level...  Base  Commander's  office...  to  get  required 
input . 

Cannot  accurately  answer  the  questions.  Have  only  been 
in  the  job  90  days. 

Personnel  and  lack  of  adequate  grade  structure  are 
largest  detriment  to  a  functional  DEER  staff  and  facility 
utilization. 

I  don't  know  very  much  about  the  Real  Poperty  field  of 

USAF. 


areas 


Rewrite  AFM  86-2;  need  a  category  code  for  common  use 
(halls,  walls,  latrines). 


At  our  base.  Environmental  and  Contract  Planning  do  most 
of  the  space  requirements  work  with  our  help,  as  our  other 
position  has  not  been  manned  due  to  lack  of  funds. 


I  noticed  that  Real  Property  was  referred  to  quite  often 
in  this  questionnaire.  We  in  the  Design  section  have  very 
little  interaction  with  Real  Property  personnel.  They  may 
have  input  in  the  early  stages  of  a  project  or  after  it  is 
built,  but  we  as  facility  designers  do  not  coordinate  very 
often  with  them. 


APPENDIX  J 


RESPONSES  BY  MAJOR  COMMANDS  TO  SURVEY  LETTER 


The  survey  letter  to  MAJCOM/DEs  is  in  Appendix  F.  Questions 
from  the  survey  letter  are  examined  one  at  a  time  and  all 
responses  to  a  particular  question  are  grouped.  Some 
responses  are  paraphrased  due  to  their  original  length,  but 
their  intent  has  been  preserved.  HQ  AFLC  responses  are  taken 
from  notes  made  by  the  author  during  personal  interviews. 


Are  'management  analyses'  of  facility  sage  actually 
carried  out,  and  if  so,  what  format  do  the],  take?  Are  they 
usually  base  or  Command  instigated? 


HQ  USAFE .  USAFE  is  instituting  an  effort  to  validate 
and  evaluate  assets  and  requirements  data 
developed  by  its  bases.  Command  level  Real  Property 
personnel  will  "walk  throgh"  through  all  base  facilities  with 
BCE  real  property  personnel  and  change  data  presented  in  the 
real  property  inventory  (the  7115  report)  as  required.  This 
team  will  also  develop,  in  conjunction  with  other  BCE  and 
responsible  base  offices,  a  consolidated  list  of  base 
facility  requirements.  A  subjective  assessment  of  the 
effectiveness  of  each  facility's  space  utilization  will  be 
made  by  the  team  and  space  deficiencies  and  shortages  will  be 
calculated.  USAFE  began  a  similar  program  in  the  early 
1970 's  but  was  discontinued  after  a  few  years  of  good 
progress  due  to  lack  of  funding.  Some  of  the  observations  of 
this  team  were  highlighted  in  Chapter  II. 

HQ  SAC .  h’Q  SAC  does  not  participate  in  space 

utilization  studies.  It  does  not  know  the 
extent  of  analysis  carried  out  by  BCEs  on  SAC  bases.  It  has 
delegated  this  monitoring  responibi 1 i ty  to  base  commanders. 
Bases  usually  have  a  real  estate  wirking  group  which  reports 
to  the  Facility  Utilization  Board  (FUB).  HQ  SAC  does  get 
involved  in  a  base's  space  utilization  when  a  new  mission, 
weapon  system,  or  rebasing  action  is  proposed  for  the  base. 

It  participates  in  a  site  survey  to  determine  the  new 
facility  requirements,  identify  existing  facilities  that  are 
underutilized  in  order  to  reduce  the  extent  of  new 
construction,  and  to  site  new  facilities.  However,  they  act 
in  an  advisory  role  only  and  usually  honor  the  base's  wishes. 

HQ  ATC.  Space  utilization  surveys  are  base  instigated 
and  occur  only  when  a  user  identifies  a  space 
deficiency.  The  extent  of  HQ  ATC's  participation  is  unknown. 

AFSC .  Management  analyses  are  carried  periodically 
and  for  specific  project  purposes.  A  General 
Services  Administration  (GSA)  report  is  produced  semi¬ 
annually  and  requires  accounting  for  all  administrative  space 
on  an  installation.  A  government  work  space  management 
report  is  prepared  every  two  years.  A  management  analysis  of 
facility  usage  is  prepared  when  missions  expand,  when  outside 
users  request  space  on  base,  or  construction  projects  require 
personnel  and  equipment  to  be  relocated.  They  are  usually 
base  instigated. 


HQ  TAC.  The  base  Facilities  Board  has  the  delegated 

authority  to  determine  the  use  of  facilities  on 
its  installation.  HQ  TAC  Facility  Requirements  project 
officers  are  tasked  to  visit  their  assigned  bases  at  least 
once  every  two  years  to  review  facility  assets,  requirements, 
usage,  and  deficiencies.  They  recommend  action  to  best 
utilize  existing  facilities  to  minimize  def iciencies,  but 
bases  are  not  compelled  to  follow  this  advice. 

HQ  AFLC .  Management  analyses  are  carried  out  only  when 
there  exists  a  requirement  for  space  that  the 
Real  Property  Section  cannot  place  from  utilization  records 
or  specific  knowledge  of  facility  underutilization.  Analyses 
are  carried  out  in  support  of  major  projects,  such  as  a 
weapons  system  beddown  or  an  organizational  relocation.  At 
Wr ight-Patterson  AFB,  HQ  AFLC  occupies  approximately 
1,000,000  SF  of  building  space.  The  base  FB  permits  HQ  AFLC 
to  manage  its  use  of  this  space.  HQ  AFLC  has  its  own  FB  and 
Space  Allocation  Panel  (SAP)  for  this  purpose.  Both  meet 
regularly  to  resolve  space  ownership  disputes  and  to  discuss 
new  user  requirements.  Many  AFLC  bases  operate  SAPs  but  to 
date  there  has  been  no  stated  Command  requirement  to  do  so. 


Question  2.. 

What  indicators  are  used  to  signal  that  space  within  a 
facility  may  be  under-utilized? 


HQ  USAFE .  When  the  "team"  walks  through  a  facility  it 
subjectively  assesses  the  utilization  of 
available  space  and  applies  a  percentage  effectiveness 
factor.  For  example,  a  factor  of  72%  applied  to  a  20,000 
square  feet  building  indicates  that  theoretically  5,600 
square  feet  could  be  made  available  for  another  function  or 
for  another  user. 

HQ  SAC .  Base  indicators  are  unknown.  SAC  relies  on  the 
7115  report  to  accurately  signal  deficiencies, 
shortages,  and  effectiveness  of  space  utilization.  It  also 
uses,  for  the  evaluation  of  proposals  for  construction, 
renovation,  or  alteration  projects,  the  DD  1391c  Existing 
Facilities/Deficiency  Detail  Data  Sheet  (which  is  included  in 
project  documentation).  SAC  form  246  is  also  prepared  by 
bases  for  facilities  in  each  category  code  to  identify  a 
base's  facility  requirements.  SAC  feels  that  these  reports 
provide  sufficient  information  for  SAC/DE  to  make  judgments 
on  the  effectiveness  of  a  base's  facility  utilization. 


HQ  ATC .  If  requirements  are  maintained  accurately,  the 
"Space  Use  of  Real  Property  Facilities,  PCN:  SF 
100-185"  report  will  display  an  overage  based  on  the 
requirement . 

HQ  AFSC .  The  GSA  and  government  work  space  management 
reports  will  reveal  space  under-utilization. 

In  addition,  most  base  Real  Property  Officers  frequently 
review  personnel  strengths  and  equipment  versus  space 
occupied.  Inventories  on  a  three-year  cycle  verify  that 
facilities  exist  as  stated,  that  sizes  are  accurate  and  that 
population  densities  comply  with  regulations. 

HQ  TAC .  The  HQ  TAC  response  did  not  indicate  what 
indicators  are  used  to  evaluate  space 
utilization  from  periodic  facility  use  surveys.  However,  for 
the  evaluation  of  project  proposals  TAC  relies  on  the  DD  Form 
1391c  to  prove  the  base  is  a  good  steward  of  the  existing 
space . 

HQ  AFLC .  Two  reports  (167  and  7115)  are  used  to  track 
building  utilization.  Report  167  is  produced 
by  BEAMS.  It  gives  the  facilities  occupied  by  each  user 
organization,  for  each  facility  breaks  down  the  space 
occupied  by  each  section  of  the  user  organization,  and  gives 
a  gross  building  area  for  each  user.  The  7115  breaks  space 
usage  down  further,  into  category  codes.  It  has  provision 
for  listing  'vacant  space',  but  this  column  is  'never'  used 
unless  a  building  has  been  "pickled"  (a  term  given  for  the 
complete  removal  of  all  furniture  and  fittings  prior  to 
demolition)  or  has  been  gutted  by  fire.  Otherwise,  if  unused 
or  underutilized  space  exists  in  a  facility,  it  is  not 
recorded.  Users  do  not  report  such  space.  An  update  of  AFR 
87-2  apparently  directs  bases  to  keep  a  record  of  a  user's 
actual  requirements  (from  AFM  86-2  space  allowances  by 
function)  as  well  as  his  actual  allocations.  With  these 
appearing  side  by  side  in  the  7115  report,  under  or 
overutilized  space  would  be  easier  to  detect. 


Question  3.. 

Are  bases  given  any  guidelines  by  Command  on  how  to 
ensure  space  is  utilized  effectively? 


HQ  USAFE .  In  its  new  effort,  combined  command  and  base 
Real  Property  teams  will  recommend  ways  of 
utilizing  space  more  effectively  once  they  have  walked 
through  a  facility. 


HQ  SAC .  No.  Authority  is  fully  delegated;  no 

guidelines  on  methods  of  achieving  maximum 
utilization  are  given  to  bases. 

HQ  ATC .  No.  Bases  use  their  own  judgment. 

HQ  AFSC  ■  No.  Guidance  implements  AFRs  and  GSA 
regulations . 

HQ  TAC.  No  guidance,  but  much  HQ  TAC  evaluation  of 

project  proposals,  especially  where  new  weapons 
systems  are  concerned. 

HQ  AFLC .  No,  but  bases  are  encouraged  to  form  Space 
Allocation  Panels  to  resolve  space  issues 
outside  of  the  FB . 


Question  4.. 

Is  it  be  possible  to  determine  whether  or  not  a  BCE  is 
managing  facility  space  well?  Are  there  any  accepted  'hard' 
measures  of  effectiveness  used  by  your  Command  such  as  an 
area/personnel  ratio?  What  do  IG  teams  look  for  in  this 
area? 

NOTE:  The  first  part  of  this  question  is  similar  to  question 

2.  Responses  to  the  other  parts  only  are  given. 


HQ  USAFE .  No  response . 

HQ  SAC .  When  reviewing  proposals  for  construction 
projects,  SAC  uses  AFM  86-2  to  determine 
allowable  spaces.  For  administrative  space.  Engineering 
Technical  letter  86-12,  Pre-wired  Work  Stations  and  Systems 
Furniture  is  used  to  more  efficiently  use  space  and  reduce 
the  actual  area/personnel  ratio  to  below  the  allowable  limit. 
Bases  are  required  to  stay  within  the  specified  space 
criteria  unless  they  can  justify  otherwise.  IG  teams  make  a 
subjective  assessment  only,  looking  at  the  'quality'  of  space 
-  whether  working  conditions  are  cramped. 

HQ  ATC .  Area/personnel  ratios  as  directed  in  AFM  86-2 
are  used.  The  IG  looks  only  for  updates  of 
facility  records.  If  they  have  been  updated,  the  base 
passes . 


HQ  AFSC .  Actual  area/personnel  ratios  are  well  below 
space  allowances  due  to  accommodation 
shortages.  Most  BCEs  must  make  maximum  use  of  all  facilities 
to  accommodate  all  base  functions. 

HQ  TAC .  For  new  facilities,  area/personnel  ratios  are 

used.  Lower  ratios  are  used  for  administrative 
facilities  where  systems  furniture  is  appropriate. 

HQ  AFLC.  Effective  utilization  of  a  base's  building 

space  is  not  monitored  by  Command.  This  is  a 
base  responsibility.  No  'hard'  measures  are  used. 


Question  5.. 

What  major  projects  have  recently  been  undertaken  by 
bases  under  your  Command  (such  as  Master  Planning,  Base 
comprehensive  Planning,  and  buiding  renovations)  which  have 
required  a  complete  re-allocation  of  existing  building  space 
in  one  or  more  facilities?  Have  A&E  firms  specializing  in 
Space  Planning  usually  been  contracted  to  determine  the 
optimal  arrangement  of  functions  in  these  existing  building, 
or  has  some  of  this  work  been  done  in-house? 

HQ  USAFE.  No  response. 

HQ  SAC.  Information  not  available. 

HQ  ATC .  Regards  Base  Comprehensive  Planning  (BCP),  HQ 

TAC  has  found  few  if  any  A-E  firms  who  have  the 
experience  and  background  to  do  complete  space  utilization 
surveys.  The  firms  will  determine  valid  building 
requirements;  however,  the  base  will  determine  space 
requirements . 

HQ  AFSC .  Five  bases  are  currently  undertaking  BCP 

efforts.  ASD  is  currently  doing  a  Facility 
Utilization  Study.  All  studies  are  involving  optimal 
arrangements  of  functions  has  to  date  been  accomplished  by 
A/E  firms. 

HQ  TAC .  Combat  Support  Centers,  Vehicle  Maintenance 

Complexes,  Base  Civil  Engineer  Complexes,  and 
Base  Supply  Warehouse  Complex  projects  have  had  strong 
emphasis  in  TAC  in  the  Militrry  Construction  Program  (MCP)  in 
an  attempt  to  consolidate  like  functions,  make  effective  use 
of  existing  resources,  and  to  replace  World  War  II  wooden 
facilities.  Much  effort  is  made  by  BCE  personnel  to 
coordinate  moves  and  to  identify  existing  facilities  for 
conversion  or  disposal.  TAC  Programs  personnel  and  Staff 


users  participate  in  Command  level  validation  of  these 
projects.  A-E  space  planning  firms  are  not  utilized  for  this 
purpose . 

HQ  AFLC .  Although  not  part  of  AFLC,  a  large  quantity  of 
ASD  Research  and  Development  facilities  at 
Wr ight-Patterson  AFB  were  recently  converted  to 
administrative  space  due  to  various  programs  being  contracted 
out.  A  complete  survey  of  requirements  and  existing  spaces 
was  required  to  plan  this  project. 

AFLC  runs  a  Quality  of  Life  (QOL)  program  to  improve  the 
living  and  working  conditions  of  its  personnel  and 
dependents.  HQ  AFLC  has  funded  a  $15-18  million  project  at 
McClellan  AFB,  to  renovate  540,000  SF  of  surplus  warehouse 
space  for  use  as  open  office  administrative  facilities.  The 
facilities  will  incorporate  computer  rooms,  some  individual 
offices,  conference  rooms,  and  rest  areas.  Funding  for  this 
project  was  far  easier  than  had  an  item  for  new  construction 
been  proposed  for  inclusion  into  the  MCP. 

Base  Comprehensive  Planning  (BCP)  efforts  by  AFLC  have 
tried  to  consolidate  the  facilities  of  units  which  have 
become  fragmented  over  time.  For  example,  at  WPAFB  the  906th 
TAC  Fighter  Wing's  test  beds  for  the  F-16  and  F-4,  and  the 
4950th  Flight  Test  Wing's  facilities  for  the  C-135  and  C-141, 
are  currently  fragmented  throughout  all  three  base  areas. 

BCP  studies  have  looked  at  the  functionality  of  operations 
and  have  recommended  planning  guidelines  to  bring  all 
elements  of  these  functions  together. 


Question  6.. 

What  in-house  design  methods  are  being  used  to 
'compress'  space,  both  for  new  facilities  and  when  modifying 
those  existing?  Are  the  definitive  drawings  from  AFM  88-2 
being  used  on  a  regular  basis?  Do  BCE  architects  and 
planners  commonly  use  Bubble  Diagrams,  Relationship  Charts  or 
some  other  tool  to  lay  out  functions  on  a  floor  plan? 


HQ  USAFE ■  No  response. 

HQ  SAC .  Systems  furniture  is  commonly  used  to  compress 
space  requirements/  Definitive  drawings  are 
available  for  use  by  bases  but  in  most  cases  design  of 
facilities  is  done  by  private  design  firms  which  may  or  may 
not  use  them.  The  extent  of  their  use  is  unknown. 


HQ  ATC .  In  old  facilities  no  attempt  is  made  to 

compress  space  unless  a  facility  undergoes  a 
major  modification.  Systems  furniture  is  required  to  be  used 
in  such  cases  and  for  new  facilities.  Open  office  concepts 
are  used  extensively.  Definitive  drawings  are  seldom  used. 

HQ  AFSC .  Systems  furniture  is  commonly  used. 

Definitive  drawings  are  seldom  used.  Few 
BCE's  have  personnel  capable  of  using  bubble  diagrams, 
relationship  charts,  or  time  and  motion  study  techniques. 

This  type  of  design  is  usually  accomplished  by  A-E  firms. 

HQ  TAC .  TAC  has  developed  its  own  definitive  drawings 
for  unique  TAC  facilities  such  as  Squadron 
Operations  Facilities,  Aircraft  Maintenance  Unit  (AMU) 
Facilities,  large  and  small  fighter  hangars,  and  an  aircraft 
Corrosion  Control  Facility.  TAC  is  currently  working  with  HQ 
USAF  on  the  space  requirements  for  flightline  Parts  Stores 
and  Shop  Service  Centers  to  complement  the  AMUs.  For  other 
facility  types,  BCE  architects  and  planners  work  with 
functional  managers  to  layout  optional  floor  plans  within 
allowed  gross  areas. 

HQ  AFLC .  Facility  flexibility  is  seen  as  important  in 
design  by  some  of  the  HQ  AFLC/DE  personnel 
interviewed.  Generic,  multi-purpose  buidings  with  high 
ceilings,  large  spaces  capable  of  being  partitionned  off, 
capable  HVAC  systems,  and  a  solid,  simple  structure,  could  be 
renovated  for  a  variety  of  uses  as  requirements  change.  It 
is  felt  that  this  type  of  construction  may  decrease  long  term 
facility  construction  and  maintenance  costs. 


Question  7 . 

Which  bases  under  your  command  use  any  form  of  Computer 
Aided  Architectural  Design  (CAAD)  software  (such  as  AutoCAD, 
VersaCAD,  EasyCAD  or  CADkey)  to  layout  floor  plans?  Do  you 
or  your  bases  have  any  plans  to  introduce  such  software  as 
either  a  WIMS  application  package  (through  WANG)  or  as  a 
package  for  Z-100  or  Z-248  stand  alone  PCs? 


HQ  USAFE .  No  response. 

HQ  SAC ■  CAAD  software  is  used  to  produce  architectural 
working  drawings  at  some  bases.  Vandenberg  AFB 
and  Grissom  AFB  currently  have  CAAD  systems.  Details  of 
their  specific  usage  are  unknown.  CAAD  was  recently  used  in 
projects  to  upgrade  the  Command  Section  offices  at  HQ  SAC. 


HQ  ATC .  Reese  and  Chanute  AFBs  use  AutoCAD  while 

Randolph  and  Lackland  AFBs  use  Intergraph. 

Most  bases  will  buy  CadKey  or  AutoCAD  as  Z-248  PCs  become 
more  available. 

HQ  AFSC ■  Brooks  AFB  and  Arnold  AFS  have  access  to  CAAD 
resources.  There  is  no  Command  plan  to 
introduce  Computer  Aided  Design  (CAD)  of  any  type  as  a  WIMS 
application  package. 

HQ  TAC .  Two  un-named  TAC  bases  are  in  the  early  stages 
of  acquisition  of  a  CAD  system.  Two  other 
bases  are  in  a  preliminary  investigation  stage.  Application 
at  other  bases  are  being  examined  at  TAC.  To  date  these 
systems  have  not  been  used  to  lay  out  floor  plans. 

HQ  AFLC .  No  architectural  design  input  was  received 
from  AFLC.  However,  DEER  advised  that  Real 
Property  personnel  in  some  BCE  organizations  do  assess 
functional  layouts  of  facilities  in  order  to  ’fit  in'  new 
requirements.  Most  Real  Property  Sections  have  a  Space 
Management  Officer  whose  responsibility  it  is  to  find 
accommodation  for  requirements  needing  space,  if  it  is 
possible.  If  space  can  be  found,  but  building  modifcations 
are  required.  Real  Property  solicits  the  help  of  BCE 
architects . 


Questions  8_,  9,  and  10 . 

General .  If  an  urgent  requirement  exists  and  no  surplu 
space  has  been  identified,  a  decision  must  be  made  as  to  how 
that  requirement  can  be  satisfied  quickly.  Often  there  will 
be  insufficient  time  to  program  and  construct  a  facility. 
Operational  requirements  may  also  dictate  that  the  function 
must  be  accommodated  close  to  existing  support  facilities, 
ruling  out  leasing  as  a  feasible  solution. 


Question  8 . 

In  situations  such  as  these,  are  Commands  notified  of 
the  problem?  If  so,  what  advice  would  be  given  to  the  base? 

HQ  USAFE.  No  response. 

HQ  SAC .  Command  is  only  notified  when  a  project  is 

proposed  by  the  base  to  alleviate  the  problem. 
In  these  cases.  Command  would  evaluate  the  need  for  urgent 
action  and,  if  agreed,  hasten  funding.  If  the  base  handles 
the  problem  locally  Command  would  not  be  advised. 
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HQ  ATC.  Commands  may  be  notified,  but  bases  are  tasked 
with  developing  and  implementing  solutions. 
Typical  solutions  were  not  specified  by  HQ  ATC.  If  the  base 
can  not  solve  a  problem.  Command  will  assist. 

HQ  AFSC .  Command  is  notified  of  the  problem  if,  and 
only  if,  the  base  cannot  solve  it.  In  an 
emergency,  allowable  population  densities  may  be  increased  to 
permit  the  accommodation  of  more  personnel  and  functions 
within  available  space.  Temporary  facilities,  such  as 
trailers  and  pre-engineered  structures  are  frequently 
acquired  to  satisfy  urgent  requirements. 

HQ  TAC .  HQ  TAC  is  frequently  required  to  provide  urgent 
additional  space  within  short  time  frames. 
Detailed  investigation  of  reallocation  options  are  made,  but 
often  the  lease/purchase  of  portable /modular  facilities  is 
required  to  meet  short  term,  short  notice  requirements.  SAC 
is  against  the  use  of  trailers  and  other  portable  structures 
whenever  possible,  and  long  term  requirements  require  long 
term  permanent  facility  solutions. 

HQ.  AFLC .  No  input. 


Questions  9,  10.. 

What  factors  influence  base  management's  decision  on  how 
to  reallocate  existing  building  space  to  accommodate  the 
requirement?  Are  the  BCE's  architects,  planners,  or  real 
property  personnel  requested  to  conduct  space  planning 
analyses  in  order  to  identify  where  space  can  be  made 
available  with  minimum  effect  on  users? 

If  such  analyses  are  made,  is  it  usually  on  an  as- 
required  basis  to  solve  a  specific  problem,  or  progressively 
to  ensure  that  space  utilization  is  continually  monitored? 


HQ  USAFE .  Such  space  studies  are  for  project  purposes 

but  combined  "walk-through"  efforts  will  soon 
be  a  regular  monitoring  feature. 

HQ  SAC .  Factors  determining  reallocations  of  space  are 
deficiencies  versus  excesses  based  on  validated 
requirements  and  base  space  utilization  records.  Base 
management  would  reallocate  based  on  need.  Space  studies  are 
usually  carried  out  for  project  purposes  only,  and  not  on  a 
regular  basis. 
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HQ  ATC .  Factors  are  space  availability,  funding, 
functional  relationships,  direction  by 
(priorities  of)  base  leadership.  Real  Property  personnel  do 
space  studies  of  this  nature,  but  only  when  required. 

HQ  AFSC .  Factors  are  mission  requirements  and  the 

equitable  allocation  of  space  (between  users). 
The  BCE's  architects  and  planners  are  tasked  to  assist  the 
Real  Property  Officer  in  the  performance  of  such  space 
studies  on  an  as-  required  basis. 

HQ  TAC .  The  primary  factor  is  mission  requirement. 
Detailed  analyses  of  space  for  urgent 
reallocation  to  support  a  new  requirement  are  made  when 
requ i red . 

HQ  AFLC.  For  major  weapons  system  beddowns,  AFLC 

employs  Site  Activation  Task  Forces  (SATAFs). 
The  SATAF  will  not  be  disbanded  until  the  beddown  is  complete 
and  all  'teething*  problems  have  been  resolved.  Some  of  its 
responsibilities  are  to  determine  existing  facilities  at  the 
intended  base  which  could  be  made  available  to  accommodate 
the  system,  where  existing  tenants  of  those  facilities  would 
go,  and  what  new  construction  was  necessary.  The  SATAF  is 
dedicated  to  ensuring  that  all  aspects  of  the  beddown  (not 
only  facilities)  run  smoothly.  SATAFs  are  usually  told  by 
the  base  FB  which  buildings  are  available  for  use.  SATAFs  do 
not  have  the  ability  to  seize  facilities  from  a  base. 
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